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ABSTRACT OF THE DISCLOSURE 



To suppress The invention reduces or suppresses enlargement of the chip size, and 
improve enhances the reliability in interlayer connections. Groov e s 4 a — 4e Grooves are 
provided at positions of scribe lines SErof semiconductor substrat e s la — lei -substrates; and 
conductive material 1 1 material is filled in the groov e s 4 a — 4e grooves p rovided in sections 
of the semiconducto r substrates la — te substrates after the semiconducto r substrat e s la — te 
substrates are stacked in layers. 
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SEMICONDUCTOR DEVICE, SEMICONDUCTOR MODULE, ELECTRONIC 
EQUIPMENT, METHOD FOR MANUFACTURING SEMICONDUCTOR DEVICE, AND 
METHOD FOR MANUFACTURING SEMICONDUCTOR MODULE 



[0001] The present invention relates to semiconductor devices, semiconductor 
modules, electronic equipment, methods of manufacturing semiconductor devices, and 
methods of manufacturing semiconductor modules. In particular, the invention relates to 
methods of providing interlayer connections in stacked layered structures of semiconductor 
chips. 

2. Description of Related Art 

[0002] A related art method of providing a stacked layered structure of 
semiconductor chips in semiconductor devices includes a method in which dry etching is used 
to form through holes in a semiconductor substrate, and interlayer connections among 
semiconductor substrates are provided via through electrodes embedded in the through holes. 

[0003] FIGS. 14(a)- 15(d) are cross-sectional views showing a related art method of 
manufacturing a semiconductor module. 

[0004] Referring to FIG. 14 (a), pad electrodes 102 are formed on an active 
surface 101' of a semiconductor substrate 101. Then, for example, a photolithography 
technique and a dry etching technique are used to form trench sections 103 in the 
semiconductor substrate 101 through the pad electrodes 102. 

[0005] The thickness Tl 1 of the semiconductor substrates 101 can be 625 ^m when 
a 6-inch wafer is used, and 725 jam when an 8-inch wafer is used. The depth D2 of the trench 
section 103 can be, for example, 70 jxm. 

[0006] Next, as indicated in FIG. 14 (b), for example, a photolithography technique 
and CVD technique are used to form dielectric films on bottom surfaces and side surfaces of 
the trench sections 103. A silicon oxide film or a silicon nitride film may be used as the 
dielectric film 104, for example. 

[0007] Next, as indicated in FIG. 14 (c), seed electrodes 105 are formed on the 
semiconductor substrate 101 including inside the trench sections 103 by, for example, 
sputtering or vapor deposition. As the seed electrodes 105, conductive material, such as, for 
example, nickel (Ni), chrome (Cr), titanium (Ti), or tungsten (W) can be used. 
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[0008] Then, a plating resist layer 106 provided with opening sections 106' at 
locations corresponding to the trench sections 103 is formed on the semiconductor 
substrate 101 having the seed electrodes 105 formed thereon. 

[0009] Then, by conducting electrolytic plating using the seed electrodes 105 as 
plating terminals, embedded electrodes 107 within the trench sections 103 are formed through 
the opening sections 106' that are provided in the plating resist layer 106. 

[0010] The embedded electrodes 107 can be formed in a manner to bulge out of the 
trench sections 103 such that not only the trench sections 103 but also the opening 
sections 106' are embedded with them. Accordingly, the embedded electrodes 107 can 
protrude over the semiconductor substrates 101, such that interlayer connections as indicated 
in FIG. 15 (d) can be stably provided. 

[0011] For example, nickel (Ni), copper (Cu), gold (Au) or the like can be used for 
the embedded electrodes 107. 

[0012] Next, as indicated in FIG. 14 (d), the plating resist layer 106 is removed, and 
the seed electrodes 106 are etched using the embedded electrodes 107 as masks to thereby 
expose the active surface 101' of the semiconductor wafer W. 

[0013] Next, as indicated in FIG. 15 (a), the back surface 101 M of the semiconductor 
substrate 101 is grounded by using back grinding to thin down the semiconductor 
substrate 101. 

[0014] The back grinding of the back surface 101" of the semiconductor 
substrate 101 is finished before the dielectric film 104 is exposed so that the thickness T12 of 
the semiconductor substrate 101 after the back grinding is, for example, 100 )im. 

[0015] As indicated in FIG. 15 (b), the back surface 101" of the semiconductor 
substrate 101 is dry-etched to further thin down the semiconductor substrate 101 such that the 
trench sections 103 penetrate the semiconductor substrate 101 to form through holes 103 1 
therein, and expose tip portions of the embedded electrodes 107 covered with the dielectric 
films 104 to form through electrodes 107\ The thickness T13 of the semiconductor 
substrate 101 after the dry etching can be, for example, 50^im. Also, as etching gas for the 
dry etching of the back surface 101" of the semiconductor substrate 101, for example, Cl 2 , 
HBr or SFe can be used. 

[0016] Next, as indicated in FIG. 15 (c), by dry etching the dielectric films 104 at 
the tips of the through electrodes 107', the dielectric films 104 at the tips of the through 



3 

electrodes 107 1 are removed. As etching gas for the dry etching of the dielectric films 104 at 
the tips of the through electrodes 107', for example, O2, HBr or SFe can be used. 

[0017] Next, as indicated in FIG. 15 (d), the semiconductor substrates lOla-lOlc 
are stacked in layers such that the through electrodes 107a - 107c formed on the respective 
semiconductor substrates lOla-lOlcarein contact with one another. Resin 108a and 108b 
is filled in gaps among the semiconductor substrates lOla-lOlcto form a stacked layered 
structure of the semiconductor substrates 101a- 101c. 

SUMMARY OF THE INVENTION 

[0018] However, according to the related art method of manufacturing a 
semiconductor module, the through electrodes 107a - 107c are formed within the 
semiconductor substrates 101a - 101c, such that the through electrodes 107a - 107c in upper 
and lower layers need to be aligned with one another in order to provide interlayer 
connections. 

[0019] For this reason, in the related art semiconductor module, the diameter of the 
through electrodes 107a - 107c need to be enlarged to facilitate the alignment of the through 
electrodes 107a - 107c in upper and lower layers, which is problematical because the chip 
size becomes larger by the amount enlarged. 

[0020] Also, in the related art semiconductor module, the through electrodes 107a - 
107c in upper and lower layers need to be connected to one another in order to provide 
interlayer connections. 

[0021] For this reason, when the chip size is larger, due to warps in the 
semiconductor substrates lOla-lOlc and height variations among the through 
electrodes 107a - 107c, there are problems in that connections among the through 
electrodes 107a - 107c in upper and lower layers become insufficient, and the reliability in 
the interlayer connections are deteriorated. 

[0022] Accordingly, the present invention provides semiconductor devices, 
semiconductor modules, electronic equipment, methods of manufacturing semiconductor 
devices, and methods of manufacturing semiconductor modules, which can control 
enlargement of the chip size, and enhance the reliability in interlayer connections. 

[0023] To address or solve the above, a semiconductor device of aspect 1 includes: 
a wiring layer formed on a main surface of a semiconductor chip; and conductive layers for 
interlayer connections that are connected to the wiring layer and formed in a side wall of the 
semiconductor chip. 



[0024] As a result, interlayer connections among semiconductor chips can be 
provided without providing through electrodes in active regions of the semiconductor chips. 

[0025] For this reason, while reducing or suppressing enlargement of the chip size, 
conductive layers to provide interlayer connections can be readily expanded, and conductive 
layers for interlayer connections can be formed after the semiconductor chips are stacked in 
layers. 

[0026] As a result, the conductive layers for interlayer connections in upper and 
lower layers can be readily aligned, and when conductive layers for interlayer connections are 
connected, the influence of warps in semiconductor substrates and height variations among 
the conductive layers for interlayer connections can be reduced or eliminated, and the 
reliability in the interlayer connections can be enhanced. 

[0027] Also, a semiconductor device of aspect 2 includes: electrode pads formed 
on a main surface of a semiconductor chip; grooves formed in a section of the semiconductor 
chip that traverses in a thickness direction of the semiconductor chip; conductive layers filled 
in the grooves; and wiring layers that connect the electrode pads and the conductive layers. 

[0028] Accordingly, by flowing conductive material along the side walls of the 
semiconductor chips, the side walls of the semiconductor chips can be filled with conductive 
layers; and conductive layers to provide interlayer connections can be formed after the 
semiconductor chips are stacked in layers, and through electrodes do not need to be provided 
in active regions of the semiconductor chips. 

[0029] For this reason, the conductive layers in upper and lower layers can be 
readily aligned with one another; and when conductive layers in upper and lower layers are 
connected to one another, the influence of height variations among the conductive layers and 
warps in the semiconductor chips can be reduced or eliminated, and the reliability in the 
interlayer connections can be enhanced. 

[0030] Further, a semiconductor module of aspect 3 includes: semiconductor chips 
stacked in layers; conductive layers that are formed in side walls of the respective 
semiconductor chips to provide interlayer connections among the semiconductor chips; and 
wiring layers that are formed on main surfaces of the respective semiconductor chips and 
connected to the conductive layers. 

[0031] Accordingly, interlayer connections can be provided through side walls of 
the semiconductor chips, and through electrodes do not need to be provided in active 
surfaces. 
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[0032] For this reason, while reducing or suppressing enlargement of the chip size, 
the alignment for interlayer connections is facilitated, and the connection reliability can be 
enhanced. 

[0033] Also, a semiconductor module of aspect 4 includes: semiconductor chips 
stacked in layers; electrode pads formed on main surfaces of the respective semiconductor 
chips; grooves that are formed in sections of the respective semiconductor chips that traverse 
in a thickness direction of the semiconductor chips; conductive layers filled in the grooves to 
provide interlayer connections among the semiconductor chips; and wiring layers that connect 
the electrode pads and the conductive layers, respectively. 

[0034] Accordingly, by flowing conductive material along the side walls of the 
semiconductor chips stacked in layers, interlayer connections among the semiconductor chips 
can be provided; and when the semiconductor chips are stacked in layers, there is no need to 
connect through electrodes in upper and lower layers. 

[0035] For this reason, the semiconductor chips can be readily aligned with one 
another, and the influence of height variations among the conductive layers and warps in the 
semiconductor chips can be reduced or eliminated, and the reliability in the interlayer 
connections can be enhanced. 

[0036] Also, a semiconductor module of aspect 5 includes: semiconductor chips 
stacked in layers; electrode pads formed on main surfaces of the respective semiconductor 
chips; grooves that are formed in sections of the respective semiconductor chips that traverse 
in a thickness direction of the semiconductor chips; wiring layers that connect the electrode 
pads and the conductive layers; pin-like terminals that are embedded in the grooves and 
disposed in a stacking direction of the semiconductor chips; an interposer substrate with the 
pin-like terminals standing thereon; and conductive layers filled in the grooves with the pin- 
like terminals therein. 

[0037] Accordingly, by stacking the semiconductor chips in layers on the interposer 
substrate along the pin-like terminals, the semiconductor chips can be aligned with one 
another, and solder material can be readily attached along the pin-like terminals. 

[0038] For this reason, conductive layers can be readily filled along the grooves 
formed in the sections by solder dip or the like, such that a three-dimensional mounting of the 
semiconductor chips can be readily realized. 

[0039] Also, a semiconductor module of aspect 6 is provided such that the 
semiconductor chips are stacked in layers through dielectric resin. 



[0040] Accordingly, by coating dielectric resin all over the semiconductor chips, 
interlayer connections can be made and the semiconductor chips can be insulated from one 
another. 

[0041] As a result, without complicating the manufacturing process, insulation 
among the semiconductor chips can be secured, the sealing property of the semiconductor 
chips can be readily enhanced, and the reliability of the semiconductor module can be 
enhanced. 

[0042] Also, a semiconductor module of aspect 7 includes: an interposer substrate 
having a wiring layer formed on a main surface thereof; a semiconductor chip that is 
connected to the wiring layer and mounted on the interposer substrate; grooves formed in a 
side wall of the interposer substrate that traverses in a thickness direction of the interposer 
substrate; and conductive layers filled in the grooves. 

[0043] Accordingly, even when semiconductor chips are mounted on an interposer 
substrate, interlayer connections among the semiconductor chips can be provided through the 
side walls of the interposer substrate; and a three-dimensional mounting of the semiconductor 
chips can be readily realized and the reliability in interlayer connections can be enhanced 
even when the types and/or chip sizes of the semiconductor chips are different from one 
another. 

[0044] Also, a semiconductor module of aspect 8 includes: interposer substrates 
stacked in layers; wiring layers formed on main surfaces of the interposer substrates; 
semiconductor chips that are connected to the wiring layers and mounted on the interposer 
substrates; grooves formed in side walls of the interposer substrates that traverse in a 
thickness direction of the interposer substrates; conductive layers filled in the grooves to 
provide interlayer connections among the interposer substrates; and recessed sections formed 
in back surfaces of the interposer substrates to store the semiconductor chips. 

[0045] As a result, even when the semiconductor chips are mounted on the 
interposer substrates, the influence of protrusions of the semiconductor chips can be reduced 
or avoided, and interlayer connections among the semiconductor chips can be provided 
through the side walls of the interposer substrates. 

[0046] For this reason, even when the types and/or chip sizes of the semiconductor 
chips are different from one another, a three-dimensional mounting of the semiconductor 
chips can be readily realized, and interlayer connections can be realized while the influence of 
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warps in the interposer substrates and height variations among the through electrodes can be 
reduced or eliminated, and the reliability in the interlayer connections can be enhanced. 

[0047] Also, a semiconductor module of aspect 9 includes: an intermediate 
substrate having an opening section formed therein; interposer substrates stacked in layers 
through the intermediate substrate; wiring layers formed on main surfaces of the interposer 
substrates; semiconductor chips that are connected to the wiring layers and mounted on the 
interposer substrates; first grooves formed in side walls of the interposer substrates that 
traverse in a thickness direction of the interposer substrates; second grooves formed in a side 
wall of the intermediate substrate that traverses in a thickness direction of the intermediate 
substrate; and conductive layers filled in the first grooves and the second grooves to provide 
interlayer connections among the interposer substrates through the intermediate substrate. 

[0048] Accordingly, even when the semiconductor chips are mounted on plane 
interposer substrates, the influence of protrusions of the semiconductor chips can be reduced 
or avoided, and interlayer connections among the semiconductor chips can be provided 
through the side walls of the interposer substrates. 

[0049] For this reason, even when the types and/or chip sizes of the semiconductor 
chips are different from one another, a three-dimensional mounting of the semiconductor 
chips can be readily realized, and interlayer connections can be realized without complicating 
the structure of the interposer substrates, and the reliability in the interlayer connections can 
be enhanced. 

[0050] Further, an electronic device of aspect 10 includes: semiconductor chips 
stacked in layers; electrode pads formed on main surfaces of the respective semiconductor 
chips; grooves that are formed in sections of the respective semiconductor chips that traverse 
in a thickness direction of the semiconductor chips; conductive layers filled in the grooves to 
provide interlayer connections among the semiconductor chips; wiring layers that connect the 
electrode pads and the conductive layers, respectively; and an electronic component that is 
connected to the semiconductor chips through the conductive layers. 

[0051] As a result, by flowing conductive material along the side walls of the 
semiconductor chips stacked in layers, interlayer connections among the semiconductor chips 
can be provided; and the semiconductor chips can be readily aligned with one another while 
reducing or suppressing enlargement of the chip size, and the influence of height variations 
among the conductive layers and warps in the semiconductor chips can be reduced or 
eliminated. 
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[0052] For this reason, the electronic device can be made smaller and lighter, and 
the reliability of the electronic device can be enhanced. 

[0053] Also, an electronic device of aspect 1 1 includes: semiconductor chips 
stacked in layers; electrode pads formed on main surfaces of the respective semiconductor 
chips; grooves that are formed in sections of the respective semiconductor chips that traverse 
in a thickness direction of the semiconductor chips; wiring layers that connect the electrode 
pads and the conductive layers, respectively; pin-like terminals that are inserted in the 
grooves and disposed in a stacking direction of the semiconductor chips; an interposer 
substrate with the pin-like terminals standing thereon; conductive layers filled in the grooves 
with the pin-like terminals therein; and an electronic component that is connected to the 
semiconductor chips through the conductive layers. 

[0054] As a result, the semiconductor chips can be precisely stacked in layers, and 
conductive layers can be readily filled along the grooves formed in the sections thereof, 
enlargement in the chip size can be reduced or suppressed, and a three-dimensional mounting 
of the semiconductor chips can be readily realized. 

[0055] For this reason, the electronic device can be made smaller and lighter, and 
the reliability of the electronic device can be enhanced. 

[0056] Further, an electronic device of aspect 12 includes: interposer substrates 
stacked in layers; wiring layers formed on main surfaces of the interposer substrates; 
semiconductor chips that are connected to the wiring layers and mounted on the interposer 
substrates; grooves formed in side walls of the interposer substrates that traverse in a 
thickness direction of the interposer substrates; conductive layers filled in the grooves for 
providing interlayer connections among the interposer substrates; recessed sections formed in 
back surfaces of the interposer substrates to store the semiconductor chips; and an electronic 
component that is connected to the semiconductor chips through the conductive layers. 

[0057] Accordingly, even when the types and/or chip sizes of the semiconductor 
chips are different from one another, a three-dimensional mounting of the semiconductor 
chips can be readily realized while reducing or suppressing enlargement of the chip size, and 
the reliability in the interlayer connections can be enhanced. 

[0058] For this reason, the electronic device can be made smaller in size and lighter, 
and the reliability in the electronic device can be enhanced. Also, a variety of functions can 
be readily added to the electronic device. 
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[0059] Further, an electronic device of aspect 13 includes: an intermediate substrate 
having an opening section formed therein; interposer substrates stacked in layers through the 
intermediate substrate; wiring layers formed on main surfaces of the interposer substrates; 
semiconductor chips that are connected to the wiring layers and mounted on the interposer 
substrates; first grooves formed in side walls of the interposer substrates that traverse in a 
thickness direction of the interposer substrates; second grooves formed in a side wall of the 
intermediate substrate that traverses in a thickness direction of the intermediate substrate; 
conductive layers filled in the first grooves and the second grooves to provide interlayer 
connections among the interposer substrates through the intermediate substrate; and an 
electronic component that is connected to the semiconductor chips through the conductive 
layers. 

[0060] Accordingly, even when the types and/or chip sizes of the semiconductor 
chips are different from one another, a three-dimensional mounting of the semiconductor 
chips can be readily realized while reducing or suppressing enlargement of the chip size, and 
the reliability in the interlayer connections can be enhanced while preventing the interposer 
substrates from becoming complicated. 

[0061] For this reason, the electronic device can be made smaller in size and lighter, 
and the reliability in the electronic device can be enhanced. Also, a variety of functions can 
be readily added to the electronic device while reducing or suppressing an increase in the 
cost. 

[0062] Also, a method of manufacturing a semiconductor device of aspect 14 
includes: forming through holes on cutting lines of a semiconductor wafer; cutting the 
semiconductor wafer along the cutting lines into chips; and filling conductive layers in the 
through holes divided by the cutting. 

[0063] Accordingly, by conducting processings on the plane surface of the 
semiconductor wafer, grooves can be formed in side walls of the semiconductor wafer, and 
conductive layers can be readily filled in sections of the semiconductor wafer without directly 
processing the sections of the semiconductor wafer. 

[0064] For this reason, conductive layers can be provided on the side walls of the 
semiconductor chip without complicating the manufacturing process, and the conductive 
layers in upper and lower layers can be readily aligned with one another. Moreover, when the 
conductive layers in upper and lower layers are to be connected, the influence of height 
variations of the conduction layers and/or warps in the semiconductor chips can be 
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eliminated, such that the reliability in interlayer connections can be reduced or enhanced 
while reducing or preventing the throughput from lowering. 

[0065] Further, a method of manufacturing a semiconductor device of aspect 1 5 
includes: forming trench sections on cutting lines of a semiconductor wafer having wiring 
layers formed thereon; forming dielectric films within the trench sections; forming an under 
barrier metal layer that covers the dielectric films and is connected to the wiring layers; 
thinning a back surface of the semiconductor wafer to thereby make the trench sections 
penetrate to form through holes along the cutting lines; cutting the semiconductor wafer along 
the cutting lines into chips; and filling conductive layers in the through holes that are divided 
by the cutting step. 

[0066] Accordingly, by cutting a semiconductor wafer having through holes formed 
therein, grooves can be formed in side walls of the semiconductor wafer; and conductive 
layers can be readily filled in sections of the semiconductor wafer without directly processing 
the sections of the semiconductor wafer, and interlayer connections can be provided by 
effectively using marginal regions that are required to cut the semiconductor wafer. 

[0067] For this reason, the conductive layers can be provided on the side walls of 
the semiconductor chips without complicating the manufacturing process, and there is no 
need to form through electrodes by sacrificing the active regions. 

[0068] Consequently, the conductive layers in upper and lower layers can be readily 
aligned with one another while reducing or suppressing enlargement of the chip size; the 
influence of height variations among the conductive layers and warps in the semiconductor 
chips can be reduced or eliminated when the conductive layers in upper and lower layers are 
connected to one another; and the reliability in interlayer connections can be enhanced while 
checking the throughput from lowering. 

[0069] Also, a method of manufacturing a semiconductor module of aspect 16 
includes: forming conductive layers on side walls of a semiconductor chip; and a step of 
providing interlayer connections through the conductive layers formed on the side walls of the 
semiconductor chip. 

[0070] Accordingly, interlayer connections among semiconductor chips can be 
provided without providing through electrodes in active regions of the semiconductor chips; 
the conductive layers in upper and lower layers can be readily aligned with one another; the 
influence of height variations among the conductive layers and warps in the semiconductor 
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chips can be reduced or eliminated; and the reliability in interlayer connections can be 
enhanced. 

[0071] Also, a method of manufacturing a semiconductor module of aspect 17 
includes: forming through holes on cutting lines of a semiconductor wafer; cutting the 
semiconductor wafer along the cutting lines into chips; stacking the semiconductor chips 
formed by the cutting step; and filling conductive layers in the through holes cut by the 
cutting. 

[0072] Accordingly, by cutting a semiconductor wafer having through holes formed 
therein, grooves can be formed in side walls of the semiconductor wafer; and by flowing 
conductive material along the side walls of the semiconductor chips stacked in layers, 
interlayer connections among the semiconductor chips can be provided. 

[0073] For this reason, when the semiconductor chips are stacked in layers, there is 
no need to connect through electrodes in upper and lower layers such that the semiconductor 
chips can be readily aligned with one another; and the influence of height variations among 
the conductive layers and warps in the semiconductor chips can be reduced or eliminated such 
that the reliability in interlayer connections can be enhanced. 

[0074] Also, a method of manufacturing a semiconductor module of aspect 1 8 
includes: forming through electrodes on cutting lines of a semiconductor wafer; cutting the 
semiconductor wafer along the cutting lines into chips; and providing interlayer connections 
among the semiconductor chips formed by the cutting step via the through electrodes that are 
cut by the cutting. 

[0075] Consequently, by cutting the semiconductor wafer having through electrodes 
formed therein, conductive layers can be collectively formed in side walls of the 
semiconductor wafer. 

[0076] For this reason, the conductive layers can be accurately formed in sections of 
the semiconductor wafer while omitting the filling of conductive material after cutting the 
semiconductor wafer, and interlayer connections can be provide through effectively using 
marginal regions necessary to cut the semiconductor wafer. 

[0077] Further, a method of manufacturing a semiconductor module of aspect 19 
includes: forming trench sections on cutting lines of a semiconductor wafer having wiring 
layers formed thereon; forming dielectric films within the trench sections; forming an under 
barrier metal layer that covers the dielectric films and is connected to the wiring layers; 
thinning a back surface of the semiconductor wafer to thereby make the trench sections 
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penetrate to form through holes along the cutting lines; cutting the semiconductor wafer along 
the cutting lines into chips; stacking the semiconductor chips formed by the cutting step; and 
filling conductive layers in the through holes that are divided by the cutting step. 

[0078] Accordingly, by cutting a semiconductor wafer having through holes formed 
therein, grooves can be formed in side walls of the semiconductor wafer; and by flowing 
conductive material along the side walls of the semiconductor chips stacked in layers, 
interlayer connections among the semiconductor chips can be provided. 

[0079] For this reason, the conductive layers can be provided in the side walls of the 
semiconductor chips without complicating the manufacturing process, and there is no need to 
form through electrodes through sacrificing the active regions. 

[0080] As a result, the conductive layers in upper and lower layers can be readily 
aligned with one another while reducing or suppressing enlargement of the chip size; the 
influence of height variations among the conductive layers and warps in the semiconductor 
chips can be reduced or eliminated when the conductive layers in upper and lower layers are 
connected to one another; and the reliability in interlayer connections can be enhanced while 
checking the throughput from lowering. 

[0081] Also, a method of manufacturing a semiconductor module of aspect 20 
includes: forming through holes on cutting lines of a semiconductor wafer; cutting the 
semiconductor wafer along the cutting lines into chips; stacking the semiconductor chips on a 
interposer substrate having pin-like terminals standing thereon in a manner that the pin-like 
terminals are inserted in the through holes divided by the cutting; and filling conductive 
layers in the through holes that are cut. 

[0082] Accordingly, by stacking the semiconductor chips on the interposer 
substrates along the pin-like terminals, the semiconductor chips can be aligned with one 
another, and solder material or the like can be readily attached along the pin-like terminals, 
such that a three-dimensional mounting of the semiconductor chips can be readily realized. 

[0083] Further, a method of manufacturing a semiconductor module of aspect 21 
includes: mounting semiconductor chips on interposer substrates having grooves formed in 
side walls thereof and recessed sections formed in back surfaces thereof; stacking the 
interposer substrates having the semiconductor chips mounted thereon in layers such that each 
of the semiconductor chips is stored in each of the recessed sections of an upper layer of the 
stacked interposer substrates; and filling conductive layers in the grooves of the interposer 
substrates to provide interlayer connections. 
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[0084] Accordingly, even when the types and/or chip sizes of the semiconductor 
chips are different from one another, a three-dimensional mounting of the semiconductor 
chips can be readily realized; and interlayer connections can be realized while reducing or 
eliminating the influence of height variations among the through electrodes and warps in the 
interposer substrates, and the reliability in the interlayer connections can be enhanced. 

[0085] Also, a method of manufacturing a semiconductor module of aspect 22 
includes: mounting semiconductor chips on interposer substrates having grooves formed in 
side surfaces thereof; stacking the interposer substrates having the semiconductor chips 
mounted thereon through intermediate substrates having opening sections formed in main 
surfaces thereof and grooves formed in side walls thereof; and filling conductive layers in the 
grooves of the interposer substrates and the intermediate substrates to provide interlayer 
connections. 

[0086] Accordingly, even when the types and/or chip sizes of the semiconductor 
chips are different from one another, a three-dimensional mounting of the semiconductor 
chips can be readily realized, and interlayer connections can be realized without complicating 
the structure of the interposer substrates, and the reliability in the interlayer connections can 
be enhanced. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0087] FIGs. 1(a)- 1(d) are cross-sectional views showing a method of 
manufacturing a semiconductor module in accordance with a first exemplary embodiment of 
the present invention; 

[0088] FIGs. 2(a) and 2(b) are cross-sectional views showing the method of 
manufacturing a semiconductor module in accordance with the first exemplary embodiment 
of the present invention; 

[0089] FIGs. 3(a) and 3(b) are perspective views showing the method of 
manufacturing a semiconductor module in accordance with the first exemplary embodiment 
of the present invention; 

[0090] FIGs. 4(a) and 4(b) are perspective views showing the method of 
manufacturing a semiconductor module in accordance with the first exemplary embodiment 
of the present invention; 

[0091] FIGs. 5(a) and 5(b) are side views showing a method of filling conductive 
material in accordance with an exemplary embodiment of the present invention; 
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[0092] FIGs. 6(a) and 6(b) are perspective views showing a method of 
manufacturing a semiconductor module in accordance with a second exemplary embodiment 
of the present invention; 

[0093] FIGs. 7(a) and 7(b) are perspective views showing the method of 
manufacturing a semiconductor module in accordance with the second exemplary 
embodiment of the present invention; 

[0094] FIG. 8 is a perspective view showing a method of manufacturing a 
semiconductor module in accordance with a third exemplary embodiment of the present 
invention; 

[0095] FIGs. 9(a) and 9(b) are perspective views showing the method of 
manufacturing a semiconductor module in accordance with the third exemplary embodiment 
of the present invention; 

[0096] FIGs. 10(a) and 10(b) are perspective views showing a method of 
manufacturing a semiconductor module in accordance with a fourth exemplary embodiment 
of the present invention; 

[0097] FIGs. 1 1(a) and 1 1(b) are perspective views showing the method of 
manufacturing a semiconductor module in accordance with the fourth exemplary embodiment 
of the present invention; 

[0098] FIGs. 12(a)- 12(d) are cross-sectional views showing a method of 
manufacturing a semiconductor module in accordance with a fifth exemplary embodiment of 
the present invention; 

[0099] FIGs. 13(a)-13(e) are cross-sectional views showing the method of 
manufacturing a semiconductor module in accordance with the fifth exemplary embodiment 
of the present invention; 

[0100] FIGs. 14(a)-14(d) are cross-sectional views showing a related art method of 
manufacturing a semiconductor module; and 

[0101] FIGs. 15(a)- 15(d) are cross-sectional views showing the related art method 
of manufacturing a semiconductor module. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

[0102] A method of manufacturing a semiconductor device and a method of 
manufacturing a semiconductor module in accordance with exemplary embodiments of the 
present invention are described below with reference to the accompanying drawings. 
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[0103] FIGS. l(a)-2(b) are cross-sectional views showing a method of 
manufacturing a semiconductor device in accordance with a first exemplary embodiment of 
the present invention, and FIGS. 3(a)-4(b) are perspective views showing a method of 
manufacturing a semiconductor device in accordance with the first exemplary embodiment of 
the present invention. 

[0104] Referring to FIG. 1 (a) and FIG. 3 (a), active regions 7 that are defined by 
scribe lines SL are formed on a semiconductor wafer W, pad electrodes 2 are formed on an 
active surface V of the semiconductor wafer W, and the pad electrodes 2 are connected to 
wiring layers 3 that extend over the scribe lines SL. 

[0105] Then, for example, by using photolithography technique and dry etching 
technique, trench sections 4 are formed at the scribe lines SL of the semiconductor wafer W. 

[0106] Next, as indicated in FIG. 1 (b), for example, a photolithography technique 
and a CVD technique are used to form dielectric films 5 within the trench sections 4. As the 
dielectric films 5, for example, silicon oxide films or silicon nitride films can be used. 

[0107] Then, for example, by using photolithography technique and sputter 
technique, under barrier metal films 6 are formed within the trench sections 4 that are covered 
by the dielectric films 5, and the under barrier metal films 6 formed within the trench 
sections 4 are connected to the wiring layers 3. For the under barrier metal films 6, for 
example, TiW, TiN, Cr or Ni can be used. 

[0108] Next, as indicated in FIG. 1 (c), a back surface 1" of the semiconductor 
wafer W is ground by using back grinding, thereby thinning down the semiconductor wafer 
W. 

[0109] The back grinding of the back surface 1" of the semiconductor wafer W is 
completed before the dielectric films 5 are exposed. 

[0110] Then, when the semiconductor wafer W is thinned down by the back 
grinding, the back surface 1" of the semiconductor wafer W is dry etched, to further thin 
down the semiconductor wafer W, to thereby remove the dielectric films 5 and the under 
barrier metal films 6 so that the trench sections 4 penetrate to form through holes 4* in the 
semiconductor wafer W. As an etching gas used for the dry etching of the back surface 1" of 
the semiconductor wafer W, for example, CL2, HBr or SF6 can be used, and as an etching gas 
used for the dry etching of the dielectric films 4, for example, CL2, HBr or SF6 can be used. 

[0111] Next, as indicated in FIG. 1 (d) and FIG. 3 (b), the semiconductor wafer W 
having the through holes 4* is cut along the scribe lines SL, to thereby divide the through 
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holes 4' in their longitudinal direction to form grooves 4" in side walls of semiconductor 
substrates 1. 

[0112] As shown in FIG. 2 (a) and FIG. 4 (a), semiconductor substrates la - lc 
having the grooves 4a - 4c formed in their side walls are stacked in layers through resin 
layers 8a and 8b. When the semiconductor substrates la - lc and the resin layers 8a and 8b 
are stacked in layers, the grooves 4a - 4c formed in the side walls of the semiconductor 
substrates la - lc are aligned with one another in the longitudinal direction. 

[0113] As shown in FIG. 2 (b) and FIG 4 (b), conductive material 1 1 is charged 
within the grooves 4a - 4c to cross over the resin layers 8a and 8b, thereby providing 
interlayer connections among the pad electrodes 2a - 2c formed in the semiconductor 
substrates la - lc, respectively. 

[0114] As the conductive material 1 1 that is filled in the grooves 4a - 4c, for 
example, Ag paste, solder paste, or conductive slurry can be used. 

[0115] FIGS. 5(a) and 5(b) are side views indicating a method of filling conductive 
material in accordance with an exemplary embodiment of the present invention. 

[0116] In FIG. 5 (a), for filling the grooves 4a - 4c with the conductive material 11, 
the conductive material 1 1 is coated on wall surfaces of the semiconductor substrates la - lc 
that are stacked in layers. 

[0117] Then, a stage 12 is slid on the wall surfaces of the semiconductor 
substrates la - lc that are coated with the conductive material 1 1, to scrape off the conductive 
material 1 1 on the wall surfaces of the semiconductor substrates la - lc, thereby filling the 
conductive material 1 1 in the grooves 4a - 4c. 

[0118] Accordingly, by filling the conductive material 1 1 on the side walls of the 
semiconductor substrates la - lc, interlayer connections among the semiconductor 
substrates la - lc can be provided, and conductive layers for providing the interlayer 
connections can be formed after the semiconductor substrates la - lc are stacked in layers, 
and there is no need to provide through electrodes in the active surfaces of the semiconductor 
substrates la - lc. 

[0119] Accordingly, while reducing or suppressing enlargement of the chip size, the 
width of the grooves 4a - 4c can be readily expanded, and the alignment to be conducted 
when the semiconductor substrates la - lc are stacked in layers can be facilitated; interlayer 
connections among the semiconductor substrates la - lc can be provided without being 
affected by height variations of through electrodes and/or warps in the semiconductor 



17 

substrates la - lc; and the reliability in interlayer connections can be enhanced while 
reducing the size of the stacked layered structure. 

[0120] Also, by providing the interlayer connections through the side walls of the 
semiconductor substrates la - lc, the resin layers 8a and 8b can be coated all over the 
semiconductor substrates la - lc, without interfering with the interlayer connections. 

[0121] Consequently, the semiconductor substrates la - lc can be insulated from 
one another without complicating the manufacturing process, and the sealing property of the 
semiconductor substrates la - lc can be readily enhanced, and thus the reliability of the 
semiconductor module can be enhanced. 

[0122] FIGS. 6(a)-7(b) are perspective views showing a method of manufacturing a 
semiconductor module in accordance with a second exemplary embodiment of the present 
invention. 

[0123] Referring to FIG. 6 (a), an active region 27 is formed on a semiconductor 
substrate 21, grooves 24 are formed in side walls of the semiconductor substrate 22, and pad 
electrodes 22 and wiring layers 23 are formed on an active surface 21' of the semiconductor 
substrate 21. Also, the pad electrodes 22 are connected to the wiring layers 23 that extend to 
the grooves 24, surfaces of the grooves 24 are covered with dielectric films 25, and under 
barrier metal films 26 that are connected to the wiring layers 23 are formed within the 
grooves 24 that are covered with the dielectric films 25. 

[0124] On the other hand, as indicated in FIG. 6 (b), pin-like terminals 32 are 
erected on an interposer substrate 3 1 at positions corresponding to the grooves 24 of the 
semiconductor substrate 21, bump electrodes 33 are formed on a back surface of the 
interposer substrate 31, and the pin-like terminals 32 and the bump electrodes 33 are 
connected by internal wirings. 

[0125] The pin-like terminals 32 can be composed of metal material having good 
solder-wettability such as Cu, or metal material that is solder plated on its surface, and the 
diameter of each pin-like terminal 32 can be set such that the pin-like terminals 32 can be 
stored in the grooves 24. 

[0126] Then, for realizing a stacked layered structure with the semiconductor 
substrate 21, the semiconductor substrate 21 is stacked on the interposer substrate 31 along 
the pin-like terminals 32 in a manner that the pin-like terminals 32 are inserted in the 
grooves 24 of the semiconductor substrate 21. 
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[0127] As a result, as indicated in FIG. 7 (a), a stacked layered structure of 
semiconductor substrates 21a - 21c that are interlayer-insulated by resin layers 28a and 28b 
can be formed. Grooves 24a - 24c are formed in the semiconductor substrates 21a - 21c, 
respectively, surfaces of the grooves 24a - 24c are covered with dielectric films 25a - 25c, 
respectively, and under barrier metal films 26a - 26c are formed within the grooves 24a - 24c 
that are covered with the dielectric films 25a - 25c, respectively. Then, for example, pad 
electrodes 22a that are formed on the semiconductor substrate 21a are connected to the under 
barrier metal films 26a via the wiring layers 23a. 

[0128] Next, as indicated in FIG. 7 (b), conductive material 34 is adhered along the 
pin-like terminals 32 by solder dipping, thereby filling the conductive material 34 in the 
grooves 24a - 24c in a manner to extend across the resin layers 28a and 28b. 

[0129] In this manner, by stacking the semiconductor substrates 21a - 21c along the 
pin-like terminals 32, the semiconductor substrates 21a - 21c can be stacked in layers while 
the grooves 24a - 24c are aligned with one another. Accordingly, the time and labor for the 
positioning can be alleviated, and the stacked layered structure of the semiconductor 
substrates 21a - 21c can be readily realized. 

[0130] Also, by composing the pin-like terminals 32 with metal material having 
good solder-wettability, the conductive material 34 can be collectively filled in the 
grooves 24a - 24c by solder dipping or the like. 

[0131] Also, by composing the pin-like terminals 32 with solder-plated metal 
material, the grooves 24a - 24c can be collectively connected by heat treatment with solder 
through the resin layers 28a and 28b. 

[0132] FIGS. 8-9(b) are perspective views showing a method of manufacturing a 
semiconductor module in accordance with a third exemplary embodiment of the present 
invention. 

[0133] In FIG. 8, an active region 42 is formed on a semiconductor substrate 41, 
and pad electrodes 43 are formed on an active surface of the semiconductor substrate 41 . 

[0134] On the other hand, terminal electrodes 52 and wiring layers 53 are formed on 
an interposer substrate 51, grooves 54 are formed in side walls of the interposer substrate 51, 
and the terminal electrodes 52 are connected to the wiring layers 53 that extend to the 
grooves 54. 

[0135] Also, under barrier metal films 55 that are connected to the wiring layers 53 
are formed within the grooves 54 that are formed in the side walls of the interposer 
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substrate 51, and a concave section 57 that is capable of storing the semiconductor 
substrates 41 is formed in a back surface of the interposer substrate 51. 

[0136] As the interposer substrate 5 1, for example, a resin substrate, a ceramics 
substrate or a glass epoxy substrate can be used, and for the under barrier metal films 55, for 
example, TiW, TiN, Cr or Ni can be used. 

[0137] Then, the semiconductor substrate 41 is mounted on the interposer 
substrate 51, the pad electrodes 43 on the semiconductor substrate 41 are connected to the 
terminal electrodes 52 on the interposer substrate 51 by wires 56. 

[0138] As shown in FIG. 9 (a), interposer substrates 51a - 51c having 
semiconductor substrates respectively mounted thereon are stacked in layers, to thereby 
realize a three-dimensional structure of the semiconductor substrates. 

[0139] By providing concave sections 57a - 57c in back surfaces of the respective 
interposer substrates 51a - 5 lc, semiconductor substrates that are respectively mounted on the 
interposer substrates 51a - 51c can be stored in the concave sections 57a - 57c in overlying 
layers of the interposer substrates 51a - 51c, respectively, such that the interposer 
substrates 51a - 5 lc having the semiconductor substrates respectively mounted thereon can 
be stacked in layers with good precision. 

[0140] Grooves 54a - 54c are formed in the side walls of the respective interposer 
substrates 5 la - 5 lc, the concave sections 57a - 57c are formed in the back surfaces of the 
respective interposer substrates 51a - 51c, and under barrier metal films 55a - 55c are formed 
in the respective grooves 54a - 54c. 

[0141] Then, for example, terminal electrodes 52a and wiring layers 53a are formed 
on the interposer substrate 51a, the terminal electrodes 52a are connected to the under barrier 
metal films 55a via the wiring layers 53a, the semiconductor substrate 41a is mounted on the 
interposer substrate 51a, and pad electrodes 43a on the semiconductor substrate 41a are 
connected to the terminal electrodes 52a on the interposer substrate 51a by wires 56a. 

[0142] As shown in FIG. 9 (b), by filling conductive material 58 in the grooves 54a 
- 54c that are formed in the side walls of the respective interposer substrates 51a - 51c, 
interlayer connections among the semiconductor substrates are realized through the interposer 
substrates 5 1 a - 5 1 c. 

[0143] Accordingly, even when the types and/or chip sizes of the semiconductor 
substrates 51 are different from one another, a three-dimensional mounting of the 



20 

semiconductor substrates 51 can be readily realized while reducing or suppressing 
enlargement of the chip size and enhancing the reliability in the interlayer connections. 

[0144] Consequently, the electronic device can be made smaller in size and lighter, 
the reliability in the electronic device can be enhanced, and a variety of functions can be 
readily added to the electronic device. 

[0145] FIGS. 10(a)-l 1(b) are perspective views showing a method of manufacturing 
a semiconductor module in accordance with a fifth exemplary embodiment of the present 
invention. 

[0146] In FIG. 10 (a), wiring layers 73 are formed on an interposer substrate 71, 
grooves 74 are formed in side walls of the interposer substrate 71, and under barrier metal 
films 75 that are connected to the wiring layers 73 are formed in the grooves 74 that are 
formed in the side walls of the interposer substrate 71. 

[0147] Further, a semiconductor substrates 61 is mounted on the interposer 
substrate 71 by a face down method, and pad electrodes of the semiconductor substrates 61 
are connected to the under barrier metal films 75 by wiring layers 73. 

[0148] On the other hand, in FIG. 10 (b), an intermediate substrate 81 is provided 
with an opening section 86 that is capable of storing the semiconductor substrates 61, 
grooves 84 are formed in side walls of the intermediate substrate 81, and under barrier metal 
films 85 are formed in the grooves 84 formed in the side walls of the intermediate 
substrate 81. 

[0149] As the interposer substrate 71 and the intermediate substrate 81, for 
example, resin substrates, ceramics substrates or glass epoxy substrates can be used, and for 
the under barrier metal films 75 and 85, for example, TiW, TiN, Cr or Ni can be used. 

[0150] Then, as indicated in FIG. 1 1 (a), by stacking interposer substrates 71a - 71c 
having semiconductor substrates respectively mounted thereon in layers with the intermediate 
substrates 81a and 81b being sandwiched between them, a three-dimensional mounting 
structure of the semiconductor substrates can be realized. 

[0151] By sandwiching the intermediate substrates 81a and 81b among the 
interposer substrates 71a - 71c, the semiconductor substrates that are mounted on the 
respective interposer substrates 71a - 71c can be stored in the opening sections of the 
intermediate substrates 81a and 81b, respectively, such that the interposer substrates 71a- 
71c having the semiconductor substrates respectively mounted thereon can be stacked in 
layers with good precision. 
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[0152] Further, by also providing grooves 84a and 84b in side walls of the 
intermediate substrates 81a and 81b, interlayer connections can be readily provided via the 
side walls of the interposer substrates 71a - 71c even when the intermediate substrates 81a 
and 81b are sandwiched between the interposer substrates 71a - 71c. 

[0153] Grooves 74a - 74c are formed in side walls of the respective interposer 
substrates 71a - 71c, and under barrier metal films 75a - 75c are formed in the respective 
grooves 74a - 74c. 

[0154] Also, the grooves 84a and 84c are formed on the side walls of the respective 
intermediate substrates 81a and 81b, and under barrier metal films 85a and 85b are formed in 
the grooves 84a and 84b, respectively. 

[0155] Then, for example, on the interposer substrate 71a, wiring layers 73a that are 
connected to the under barrier metal films 75 a are formed, and the semiconductor 
substrate 61a that is connected to the wiring layers 73a is mounted by a face down method. 

[0156] As shown in FIG. 1 1 (b), by filling conductive material 86 in the 
grooves 74a - 74c and 84a - 84c formed in the side walls of the interposer substrates 71a - 
71c and the intermediate substrates 81a and 81b, respectively, interlayer connections among 
the semiconductor substrates are realized via the interposer substrates 71a — 71c and the 
intermediate substrates 81a and 81b. 

[0157] Consequently, even when the types and/or chip sizes of the semiconductor 
substrates 71 are different from one another, a three-dimensional mounting of the 
semiconductor substrates 7 1 can be readily realized while reducing or suppressing 
enlargement of the chip size, and the reliability in the interlayer connections can be enhanced 
while reducing or preventing complication of the interposer substrates 71a - 71c. 

[0158] Accordingly, the electronic device can be made smaller in size and lighter, 
the reliability in the electronic device can be enhanced, and a variety of functions can be 
readily added to the electronic device while reducing or suppressing cost increases. 

[0159] FIGS. 12(a)- 13(e) are cross-sectional views showing a method of 
manufacturing a semiconductor module in accordance with a fifth exemplary embodiment of 
the present invention. 

[0160] Referring to FIG. 12 (a), active regions that are defined by scribe lines SL 
are formed on a semiconductor wafer W, pad electrodes 92 are formed on an active 
surface 9T of the semiconductor wafer W, and the pad electrodes 92 are connected to wiring 
layers 93 that extend over the scribe lines SL. 
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[0161] For example, by using photolithography technique and dry etching 
technique, trench sections 94 are formed at the scribe lines SL of the semiconductor wafer W. 

[0162] The thickness Tl of the semiconductor wafer W can be 625 jam when a 6- 
inch wafer is used, and 725 jam when an 8-inch wafer is used. The depth Dl of the trench 
section 94 can be, for example, 70 jam. 

[0163] Next, as indicated in FIG. 12 (b), for example, photolithography technique 
and CVD technique are used to form dielectric films 95 on bottom surfaces and side surfaces 
inside the trench sections 94. As the dielectric films 95, for example, silicon oxide films or 
silicon nitride films can be used. 

[0164] Next, as indicated in FIG. 12 (c), for example, by sputtering or vapor 
deposition, seed electrodes 96 are formed on the semiconductor substrates 91 including the 
inside of the trench sections 94. For the seed electrodes 96, conductive material, such as, for 
example, nickel (Ni), copper (Cu), gold (Au), titanium (Ti) or tungsten (W) can be used. 

[0165] Then, a plating resist layer 97 having opening sections 97 f provided at 
positions corresponding to the trench sections 94 are formed on the semiconductor 
substrate 91 having the seed electrodes 96 formed thereon. The size of the opening 
sections 97' is set such that the opening sections 97' extend over the wiring layers 93. 

[0166] Then, by conducing electrolytic plating using the seed electrodes 96 as 
plating terminals, embedded electrodes 98 are formed through the opening sections 97 f 
provided in the plating resist layer 97 in the trench sections 94 and the opening sections 97\ 

[0167] As the embedded electrodes 98, for example, a one-layer structure composed 
of nickel (Ni), copper (Cu) or gold (Au), or a two-layer structure having metal, such as nickel 
(Ni), copper (Cu) or gold (Au) and solder material, such as Sn, Sn-Pb, Sn-Ag, Sn-Cu, Sn-Zu 
or the like stacked thereon may be used. 

[0168] Also, the embedded electrodes 98 may be formed by using an electroless 
plating method, besides the electrolytic plating method; and also, conductive slurry or 
conductive paste can be injected in the trench sections 94 by an ink jet method. 

[0169] Next, as indicated in FIG. 12 (d), the plating resist layer 97 is removed, and 
the seed electrodes 96 are etched by using the embedded electrodes 98, thereby exposing the 
active surface 91 1 of the semiconductor wafer W. 

[0170] Next, as indicated in FIG. 13 (a), a back surface 91" of the semiconductor 
wafer W is ground by using back grinding, thereby thinning down the semiconductor wafer 
W. 
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[0171] The back grinding of the back surface 91 " of the semiconductor wafer W is 
completed before the dielectric films 95 are exposed, such that the thickness T2 of the 
semiconductor wafer W after the grinding can be, for example, 100 jxm. 

[0172] Then, as indicated in FIG. 13 (b), the back surface 91" of the semiconductor 
wafer W is dry etched, to further thin down the semiconductor wafer W, such that the trench 
sections 93 penetrate to form through holes 94' in the semiconductor wafer W, and tips of the 
embedded electrodes 98 covered with the dielectric films 95 are exposed to form through 
electrodes 98\ The thickness T3 of the semiconductor wafer W after the dry etching can be, 
for example, 50 Jim. Also, as an etching gas used for the dry etching of the back surface 91" 
of the semiconductor wafer W, for example, CL 2 , HBr or SF 6 can be used. 

[0173] Next, as indicated in FIG. 13 (c), the dielectric films 95 at the tips of the 
through electrodes 98' are dry etched, to thereby remove the dielectric films 95 at the tips of 
the through electrodes 98\ As an etching gas used for the dry etching of the dielectric 
films 95 at the tips of the through electrodes 98', for example, CL 2 , HBr or SF 6 can be used. 

[0174] As shown in FIG. 13 (d), the semiconductor wafer W having the through 
electrodes 98* formed therein is cut along the scribe lines SL to divide the through 
electrodes 98 f in their longitudinal direction, thereby forming grooves 94" in side walls of 
semiconductor substrates 91, and embedded electrodes 98" embedded in the grooves 94". 

[0175] As shown in FIG. 13 (e), the semiconductor substrates 91a-91care stacked 
in layers in a manner that the embedded electrodes 98a - 98c filled in the grooves 94a - 94c 
of the respective semiconductor substrates 91a - 91c are in contact with one another; and 
resin 99a and 99b is injected in gaps between the semiconductor substrates 91a-91cto 
thereby form a stacked layered structure of the semiconductor substrates 91a - 91c. 

[0176] Accordingly, by cutting the semiconductor wafer W along the scribe lines 
SL, the embedded electrodes 98" can be collectively formed on the side walls of the 
semiconductor substrates 91. 

[0177] For this reason, there is no need to fill conductive material in the 
grooves 94" that would otherwise be formed after cutting the semiconductor wafer W, which 
can simplify the manufacturing process. Further, the embedded electrodes 98" can be formed 
on the side walls of the semiconductor substrate 91 with good precision, such that interlayer 
connections using the side walls of the semiconductor substrate 91 can be stably provided. 

[0178] In the exemplary embodiments described above, interlayer connections are 
provided through side walls of semiconductor chips. However, the present invention is not 
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limited to semiconductor chips, but may also be applicable to, for example, a method for 
providing interlayer connections through side walls of glass substrates or sapphire substrates 
having thin film transistors or the like formed thereon. 

[0179] Also, the bump electrode structure described above is applicable to 
electronic devices, such as, for example, liquid crystal display devices, portable telephones, 
portable information terminals, video cameras, digital cameras and MD (Mini Disc) players, 
and can make electronic devices smaller and lighter without deteriorating the reliability of the 
electronic devices. 

[0180] As described above, according to the present invention, interlayer 
connections are provided through side walls of semiconductor chips. Accordingly, interlayer 
connections of the semiconductor chips can be provided without providing through electrodes 
in active regions, conductive layers in upper and lower layers can be readily aligned, and the 
influence of height variations of the conductive layers and/or warps in the semiconductor 
chips is reduced eliminated, such that the reliability in the interlayer connections can be 
enhanced. 
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SEMICONDUCTOR DEVICE, SEMICONDUCTOR MODULE, ELECTRONIC 
EQUIPMENT, METHOD FOR MANUFACTURING SEMICONDUCTOR DEVICE, AND 
METHOD FOR MANUFACTURING SEMICONDUCTOR MODULE 



BACKGROUND OF THE INVEN TION 

1. Field of Invention 

[0001] The present invention relates-to-semi conductor devices, semiconductor 
modules, electronic equipment, metho^s^^wnufacturing semiconductor devices, ajjd vV^^>^p^2jes 
methods ftff*manufacturing semiconductor modules ta&fh particular, i -i^IUfiuTy dppliul to 
methods ftff*providing interlayer connections in stacked layered structures of semiconductor 

ChipS ' * <L F /rov/^ 

2. Descri BtiQB of Related Ar t^ .r " ^ 

[0002] To icdliz/ asTacked layered stru^^e^fsemicohductor chips in 
conventional semiconductor devices^be¥G=i^a method in which dry etching is used to form 
through holes in a semiconductor substrate, and interlayer connections among semiconductor ^j^J^jL 
substrates are provided via through electrodes embedded in the through holes. rY<*^ °^ ^ 

[0003] FIGS. 14-ands*#-are cross-sectional views i ndicating a cuiivCiilimial method 
fcp ,c manufacturing a semiconductor module. 

[0004] Referring to FIG. 14 (a), pad electrodes 102 are formed on an active 
surf^ce-lOr of a semiconductor substrate 101. Then, for ex^ple^ljptelithography technique 
^dfin^ching technique are used to form trench sections 103 in the semiconductor 
substrate 101 throug]Mhe^>ad electrodes 102. 

[0005] He^jfos'thickness Tl 1 of the semiconductor substrates 101 can be 625 jam 
when a 6-inch wafer is used, and 725 pm when an 8-inch wafer is used. The depth D2 of the 
trench section 103 can be, for example, 70 nm. ^ 

[0006] Next, as indicated in FIG. 14 (b), for examjile, photolithography technique 
and CVD technique are used to form dielectric films on bottom surfaces and side surfaces of 
the trench sections 103. Ifcis rttulid thai, foi 1 examples silicon oxide film or a silicon nitride 
film may be used as the dielectric film 104, -fo r <^^^P ^ • 

[0007] Next, as indicated in FIG. 14 (c), seed electrodes 105 are formed on the 
semiconductor substrate 101 including inside the trench sections 103 by, for example, 
sputtering or vapor deposition. As the seed electrodes 105, conductive material, such as, for 
example, nickel (Ni), chrome (Cr), titanium (Ti), or tungsten (W) can be used. 



[0008] Then, a plating resist layer 106 provided with opening sections 1 06' at 
locations corresponding to the trench sections 103 is formed on the semiconductor 
substrate 1 01 having the seed electrodes 1 05 formed thereon. 

[0009] Then, by conducting electrolytic plating using the seed electrodes 105 as 
plating terminals, embedded electrodes 107 within the trench sections 1C3 are formed through 
the opening sectionM-OoMhat are provided in the plating resist layer 1 06. 

[0010] / ] HgEfc^e embedded electrodes 107 can be formed in a manner to bulge<gut jpF. 
the trench secti^nTl03 such that not only the trench sections 103 but also the opening 
sections 1 06' are embedded with them. Accordingly, the embedded electrodes 1 07 can 
protrude over the semiconductor substrates 101, such that interlayer connections as indicated 
in FIG. 1 5 (d) can be stablypiovid^d. 

[001 1 ] nulul th a^rixample, nickel (Ni), copper (Cu), gold (Au) or the like 

can be used for the embedded electrodes 107. 

[0012] Next, as indicated in FIG. 14 (d), the plating resist layer 106 is removed, and 
the seed electrodes 106 are etched using the embedded electrodes 107 as masks to thereby 
expose the active surface 101' of the semiconductor wafer W. 

[0013] Next, as indicated in FIG. 15 (a), the back surface 101" of the semiconductor 
substrate 101 is grounded by using back grinding to thin down the semiconductor 
substrate 101. , 

[00141/^H^^erback grinding of the back surface 101" of the semiconductor 
substrate 101 iVlurahed before the dielectric film 104 is exposed so that the thickness T12 of 
the semiconductor substrate. 101 after the back grinding is, for example, 100 um. 

[0015K SSBr/sjndicated in FIG. 15 (b), the back surface 101" of the semiconductor 
substrate 10i^ry=etched to further thin down the semiconductor substrate 101 such that the 
trench sections 103 penetrate the semiconductor substrate 101 to form through holes 103' 
therein, and expose tip portions of the embedded electrodes 107 covered with the dielectric 
films 104 to form through electrodes 107'. The thickness T13 of the semiconductor 
substrate 101 after the dry etching can be, for example, 50nm. Also, as etching gas for the 
dry etching of the back surface 101" of the semiconductor substrate 101, for example, Cl 2 , 

HBr or SF 6 can be used. 

[001 6] Next, as indicated in FIG- 1 5 (c), by dry etching the dielectric films 1 04 at 
the tips of the through electrodes 107', the dielectric films 104 at the tips of the through 
electrodes 107' are removed. - It is nnfprl that, ^ etching gas for the dry etching of the 
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dielectric films 104 at the tips of the through electrodes 107\ for example, Cl 2 , HBr or SF 6 
can be used. 

[0017] Next, as indicated in FIG. 15 (d), the semiconductor substrates 101a- 101c 
are stacked in layers such that the through electrodes 107a - 107c formed on the respective 
semiconductor substrates 101a - 101c are in contact with one another. Resin 108a and 108b 
is filled in gaps among the semiconductor substrates 101a - 101c to form a stacked layered 
structure of the semiconductor substrates 101a- 101c. 

ST TMMARY OF THE INVENTON^ ^ 

[0018] However, according to the c onvontiona rimethod fijt npnufacturing a 
semiconductor module, the through electrodes 1 07a - 1 07c are formed within the 
semiconductor substrates 101a - 101c, such that the through electrodes 107a - 107c in upper 
and lower layers need to be aligned with one another in order to provide interlayer 
connections. 

[0019] For this reason, in the c uiimition ju^semiconductor module, the diameter of 
the through electrodes 1 07a - 1 07c need to be enlarged to facilitate the alignment of the 
through electrodes 107a - 107c in upper and lower layers, which is problematical because the 
chip size becomes larger by the amount enlarge^^. *r*T 

[0020] Also, in the co Hvmitiuii^ semiconductor module, the through 
electrodes 107a - 107c in upper and lower layers need to be connected to one another in order 
to provide interlayer connections. 

[0021] For this reason, when the chip size is larger, due to warps in the 
semiconductor substrates 101a - 101c and height variations among the through 
electrodes 1 07a - 1 07c, there are problems in that connections among the through 
electrodes 107a - 107c in upper and lower layers become insufficient, and the reliability in 
the interlayer connections are deteriorated ^ 

[0022] Accordingly, i t banobjoot of the present inventionJoTprovide^^ 

semiconductor devices, semiconductor modules, electromc-equipment, methodsjbr® 

manufacturing semiconductor devices, and method^rJ§i«^acturing s * m ™£^2* 
modules, which can control enlargement of the chip size, and(i«p!W^ 
interlayer corrections^. ^ ^ 

[0023] Tofsoivethe p^Uumo ^^3^ above ' a semiconductor device recited-HaT /Wr 
pjnjfo i i cch a nrt li mKb "^r r ' n ^ ^wiring layer formed on a main surface of a 



semiconductor chip; and conductive layers for interlayer connections that are connected to the 
wiring layer and formed in a side wall of the semiconductor chip. 

[0024] As a result, interlayer connections among semiconductor chips can be 
provided without providing through elec^jesji^ctive regions of the semiconductor chips. 

:ment of the chip size, conductive 




[0025] For thlk reason, whilevsi 
layei^ft^providi^iHterlayer co^ectfoliscaifbe readily expanded, and conductive layers for 
interlayel^me^tions can be formed after the semiconductor chips are stacked in layers. 

[0026] As a result, the conductive layers for interlayer connections in upper and 
lower layers can be readily aligned and/wh^n conductive layers for interlayer connections are 
connected, the influence of wa 

sliability 



in-semtconductor substrates and height variations among 
the conductive layers for interlayer connections can befenminated, anjUhS reliability in the 
interlayer connections can be i»piatfd. 




[0027] Also, a semiconductor device r ocited in rl 911/ 2 is 
oomprioinc- electrode pads formed on a main surface of a semiconductor chip; grooves 
formed in a section of the semiconductor chip that traverses in a thickness direction of the 
semiconductor chip; conductive layers filled in the grooves; and wiring layers that connect the 
electrode pads and the conductive layers. 

[0028] Accordingly, by flowing conductive material along the side walls of the 
semiconductor chips, the side walls of the-semiconductor chips can be filled with conductive 
layere^and7co)iductive layers ^providyg interlayer connections can be formed after the 
seHneen-aucior cm P > « „ ^KedlirlayersTand through electrodes do not need to be provided 
in active regions of the semiconductor chips. 

[0029] For this reason, thejiooductive layers in upper and lower layers can be 
readily aligned with one another; andJwlA conductive layers in upper and lower layers are 
connected to one another, ^^^ih^v^^^on^ the conductive la y ers 311(1 
warps in the semiconductor chips cj^W|tfm^^ 

connections can b6 impWdT ^W^T f *±t~* j*cUA*S 

[0030] Further, a semiconductor module r ooitod in olaim 3 is ch n rn n t r mrrl ul 
onmpri rinr semiconductor chips stacked in layers; conductive layers that are formed in side 
walls of the respective semiconductor chips fi^providi$|lnterlayer connections among the 
semiconductor chips; and wiring layers that are formed on main surfaces of the respective 
semiconductor chips and connected to the conductive layers. 



[0031] Accordingly, interlayer connections can be provided through side walls of 
the semiconductor chips, and through electrodes do not need to be provided in active 

surfaces. J-r*£<**»$ * r 

[0032] For this reason, whilefeuppressing enlargement of the chip size, the 

alignment for interlayer connections is facilitated, and the connection reliability can be 

[0033] Also, a semiconductor module r oeitod in claim 4 ij diwactcriaod irf 

comprising: semiconductor chips s ^^^^'f^^ pads formed ° n main surfaces of 
the respective semiconductor chips; ^grooves that are formed in sections of the respective 
semiconductor chips that traverse in a thickness direction of the semiconductor chips; 
conductive layers filled in the grooves M proVidjiJginterlayer connections among the 
semiconductor chips; and wiring layers that connect the electrode pads and the conductive 
layers, respectively. 

[0034] Accordingly, by flowing conductive material along the side walls of the 
semiconductor chip>stacked in layers, interlayer connections among the_semiconductor chips 
can be pr^dedjand/whei the semiconductor chips are stacked in {^yefthAe is no need to 
connect thYough-elettrodes in upper and lower layers. 

[0035] For this reason, the semiconductor chips can be readily aligned with one 
another, and the influencepf height van^tib^among the conductive layers and warps in the 
semiconductor chips c 



a^b^lim^te^nd^me reliability in the interlayer connections can be 

[0036] Also, a semiconductor module iciiUi<fh i cfaam 5 ii i hrii'nrtrrrrri « 
ceajprising: semiconductor chips stacked il ^, ers 'f^ odG pads formed ° n main surfaces of 
the respective semiconductor chips; /grooves "that are formed in sections of the respective 
semiconductor chips that traverse in a thickness direction of the semiconductor chips; wiring 
layers that connect the electrode pads and the conductive layers; pin-like terminals that are 
embedded in the grooves and disposed in a stacking direction of the semiconductor chips; an 
interposer substrate with the pin-like terminals standing thereon; and conductive layers filled 
in the grooves with the pin-like terminals therein. 

[0037] Accordingly, by stacking the semiconductor chips in layers on the interposer 
substrate along the pin-like terminals, the semiconductor chips can be aligned with one 
another, and solder material can be readily attached along the pin-like terminals. 




[0038] For this reason, conductive layers can be readily filled along the grooves 
formed in the sections by solder dip or the like, such that a three-dimensional mounting of the 
semiconductor chips can be readily realized. ^*^r ' * 

[0039] Also, a semiconductor module sccitod in claim ^ io charaotoriBod in^ that the 
semiconductor chips are stacked in layers through^electric , resin. , 

[0040] Accordingly, by coating dielectric resin all over the semiconductor chips, 
interlayer connections can be made and the semiconductor chips can be insulated from one 
another. 

[0041] As a result, without complicating the manufacturing process, insulation 
among the semiconductor chips CJ ^]^/ s jgJ red ' ^ sealing property of the semiconductor 
chips can be readily inwfwtjtf, Sid the reliability of the semiconductor module can be 

[0042] Also, a semiconductor module reritfriln c\<\m l i c - characterize d in 
compricing- an interposer substrate having a wiring layer formed on a main surface thereof; a 
semiconductor chip that is connected to the wiring layer and mounted on the interposer 
substrate; grooves formed in a side wall of the interposer substrate that traverses in a 
thickness direction of the interposer substrate; and conductive layers filled in the grooves. 

[0043] Accordingly, even when semiconductor chips are mounted on an interposer 
substrate, interlayer connections amongjhe-semiconductor chips can be provided through the 
side walls of the interposer substfat?andjf atjlree-dimensional mounting of the semiconductor^^ 
chips can be readily realized and^the-relTability in interlayer connections can be wspi&££ 
even when the types and/or chip sizes of the semiconductor chips are different from one 

another. 0 <r *sf^ 

[0044] Also, a semiconductor module r coftod in claim 8 i c charactori-T orl i t / 
©©apprising: interposer substrates stacked in layers; wiring layers formed on main surfaces of 
the interposer substrates; semiconductor chips that are connected to the wiring layers and 
mounted on the interposer substrates; grooves formed in side walls of the interposer 
substrates that traverse in a thickness direction of the interposer substrates; conductive layers 
filled in the grooves ftff^rovidifcg interlayer connections among the interposer substrates; and 
recessed sections formed in back surfaces of the interposer substrates fof stori^thj 
semiconductor chips. . 

[0045] As a result, even when the semiconductor chips are mounted on the re Joc^f 
interposer substrates, the influence of protrusions of the semiconductor chips can ^voided, ^ 



and interlayer connections among the semiconductor chips can be provided through the side 
walls of the interposer substrates. 

[0046] For this reason, even when the types and/or chip sizes of the semiconductor 
chips are different from one another, a three-dimensional mounting of the semiconductor 
chips can be readily realized, and interlayer connections can be realized while the influence of 
warps in the interposer substrates and height variations among the through electrodes can be 
Eliminated, and the reliability in the interlayer connections cgi^be^apfev^a. 

[0047] Also, a semiconductor module rantod in olnim 9 dimuutuuuL iflr' 'V^^ZavS 
ceapiwiftg: an intermediate substrate having an opening section formed therein; interposer 
substrates stacked in layers through the intermediate substrate; wiring layers formed on main 
surfaces of the interposer substrates; semiconductor chips that are connected to the wiring 
layers and mounted on the interposer substrates; first grooves formed in side walls of the 
interposer substrates that traverse in a thickness direction of the interposer substrates; second 
grooves formed in a side wall of the intermediate substrate that traverses in a thickness 
direction of the intermediate substrate; and conductive layers filled in the first grooves and the 
second grooves frtf^rovid^jTnterlayer connections among the interposer substrates through 
the intermediate substrate. 

[0048] Accordingly, even when the semiconductor chips are mounted on plane 
interposer substrates, the influence of protrusions of the semiconductor chips can belavoided, 
and interlayer connections among the semiconductor chips can be provided through the side 
walls of the interposer substrates. 

[0049] For this reason, even when the types and/or chip sizes of the semiconductor 
chips are different from one another, a three-dimensional mounting of the semiconductor 
chips can be readily realized, and interlayer connections can be realized without complicating 
the structure of the int^^ser substrates, and the reliability in the interlayer connections can 
be improj^o".^ ^ a ^J^Sk-g 

[0050] Further, an electronic device r ucifud in claim 10 i s . s horaotoriaod iif " 
ceawrismg- semiconductor chips stacked in layers; electrode pads formed on main surfaces of 
the respective semiconductor chips; /^€oveVthat are formed in sections of the respective 
semiconductor chips that traverse in a thickness direction of the semiconductor chips; 
conductive layers filled in the grooves fo^ovidi^ interlayer connections among the 
semiconductor chips; wiring layers that connect the electrode pads and the conductive layers, 
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respectively; and an electronic component that is connected to the semiconductor chips 

through the conductive layers. 

10051] As a result, by flowing conductive material along the side walls of the 

semiconductor chips^tacked in layers, interlayer connections among the semiconductor chips 
can be provided'ana/the>simiconductor chips can be readily aligned with one another while 
fsu^slmfe 0 !^^! of the chip size, and the influence of h eight variati onjjmo^the ^ 
conductivelayers and warps in the semiconductor chips can be^iminated^ 

[0052] For this reason, the electronic device c ^^ m ^ smaller 311(1 lighter ' ^ 
the reliability of the electronic device can be wafreu^. ^ asf"^ ^ ^cXjfcuS 

[0053] Also, an electronic device feci led in daii/ Tl is characterized compricing : 
semiconductor chips stacked in layers; ^^ a ^£°^ ed on ^n surfaces of the 
respective semiconductor chips; ^SweslhTt a?e formed in sections of the respective 
semiconductor chips that traverse in a thickness direction of the semiconductor chips; wiring 
layers that connect the electrode pads and the conductive layers, respectively; pin-like 
terminals that are inserted in the grooves and disposed in a stacking direction of the 
semiconductor chips; an interposer substrate with the pin-like terminals standing thereon; 
conductive layers filled in the grooves with the pin-like terminals therein; and an electronic 
component that is connected to the semiconductor chips through the conductive layers. 

[0054] As a result, the semiconductor chips can be precisely stacked in layers, and 
conductive layers can be readily filled alo^g the grooves formed in the sections thereof, 
enlargement in the chip size can be/sup1^ss1a% £d a three-dimensional mounting of the 

semiconductor chips can be readily realized. 

[0055] For this reason, the electronic device can be made smaller and lighter, and 

the reliability of the electronic device can be improved. 0 F <*S f^* 7 ^doJk^S 

[0056] Further, an electronic device rocitod in r1ni riil2 i a charactorizcd ii T 
j^^pnsx^: interposer substrates stacked in layers; wiring layers formed on main surfaces of 
the interposer substrates; semiconductor chips that are connected to the wiring layers and 
mounted on the interposer substrates; grooves formed in side walls of the interposer 
substrates that traverse in a thickness direction of the interposer substrates; conductive layers 
filled in the grooves for providing interlayer connections among the interposer substrates; 
recessed sections formed in back surfaces of the interposer substrates Sgf storing the 
semiconductor chips; and an electronic component that is connected to the semiconductor 
chips through the conductive layers. 



[0057] Accordingly, even when the types and/or chip sizes of the semiconductor 
chips are different from one another, a tojjgg™^^ 81 mountin B of the semiconductor 
chips can be readily realizec^iile^ size > and the 

reliability in the interlayer connections caif be meptvf^^^'^ 

[0058] For this reason, the electronic device can be inadesm^ler in size and lighter, 
and the reliability in the electronic device can be imptrnre^Also, a variety of functions can 
be readily added to the electronic device. g p aS?^ ^ !*JjL>fajS> 

[0059] Further, ah electronic device r ucitod in oltmft 13 wdi«uacluuiid lif 
^^tUrt^ - an intermediate substrate having an opening section formed therein; interposer 
substrates stacked in layers through the intermediate substrate; wiring layers formed on main 
surfaces of the interposer substrates; semiconductor chips that are connected to the wiring 
layers and mounted on the interposer substrates; first grooves formed in side walls of the 
interposer substrates that traverse in a thickness direction of the interposer substrates; second 
grooves formed in a side wall of the intermediate substrate that traverses in a thickness 
direction of the intermediate substrate; conductive layers filled in the first grooves and the 
second grooves fec^Svidi^interlayer connections among the interposer substrates through 
the intermediate substrate; and an electronic component that is connected to the 
semiconductor chips through the conductive layers. 

[0060] Accordingly, even when the types and/or chip sizes of the semiconductor 
chips are different from one another, a three-dimensional mounting of the semiconductor 
chips can be readily realized ^c^^^^aicgfi^^^P size, and the 
reliability in the interlayer connections can be i«p*e*edwhile preventing the interposer 
substrates from becoming complicated. 

[0061] For this reason, the electronic device can be n ^ < s ^j£ er m size 311(1 
and the reliability in the electronic device can be^^j^lso^a variety of functions can 
be readily added to the electronic device while Suppressing an increase in the cost. ^ 
v [0062] Also, a method ^manufacturing a semiconductor device reeited-ii^" 
* S C2m 14 i^h/ac't^dh^ompriHing: a-ste^forming through holes on cutting lines of a 
semiconductor wafer; ****** cutting the semiconductor wafer along the cutting lines into 
chips; and a*tcp*£filling conductive layers in the through holes divided by the cuttin|^> 

[0063] Accordingly, by conducting processings on the plane surface of the 
semiconductor wafer, grooves can be formed in side walls of the semiconductor wafer, and 
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conductive layers can be readily filled in sections of the semiconductor wafer without directly 
processing the sections of the semiconductor wafer. 

[0064] For this reason, conductive layers can be provided on the side walls of the 
semiconductor chip without complicating the manufacturing process, and the conductive 
layers in upper and lower layers can be readily aligned with one another. Moreover, when the 
conductive layers in upper and lower layers are to be connected, the influence of height 
variations of the conduction layers and/or warps in the semiconductor chips ca ^£j^j^ t ^ ° ^ 
eliminated, such that the reliability in interlayer connections can be it nprovc^ while 
fp^eventin^e^ou^pu^ from lowering. *sf<^ 

[0065] FuVttterf a m jj^°. d fetfn^nufacturing a semiconductor device recited i(T 

r1nim 1 5 j L ihru-nnttlfn 1 il i yrtgiag: < t atep of forming trench sections on cutting lines of a 

semiconductor wafer having wiring layers formed thereon; «H*ep-e# forming dielectric films 
within the trench sections; a otop of forming an under barrier metal layer that covers the 
dielectric films and is connected to the wiring layers; a-srtep-«f thinning a back surface of the 
semiconductor wafer to thereby make the trench sections penetrate to form through holes 
along the cutting lines; a otop of cutting the semiconductor wafer along the cutting lines into 
chips; and a-step-&f filling conductive layers in the through holes that are divided by the 
cutting st^J. 

[0066] Accordingly, by cutting a semiconductor wafer having through holes formed 
therein, grooves can be formed in side walls of the semiconductor wafe^and^^co^ductive 
layers can be readily filled in sections of the semiconductor wafer wiffiorrrairectly processing 
the sections of the semiconductor wafer, and interlayer connections can be provided by 
effectively using marginal regions that are required to cut the semiconductor wafer. 

[0067] For this reason, the conductive layers can be provided on the side walls of 
the semiconductor chips without complicating the manufacturing process, and there is no 
need to form through electrodes by sacrificing the active regions. 

[0068] Consequently, the conductive layers in upper and lower layers can be readily 
aligned with one another while ^pprefengetiligement of the chip size; the influence of 
height variations among the conductive layers and warps in the semiconductor chips can be 
(^lin^edwhtrthe conductive layers in upper and lower layers are connected^one 
another; and the reliability in interlayer connections can be m^owedwhile checking the 
throughput from lowering. 



ii ^f- <?s/ ? -W 1 r 

[0069] Also, a method ^manufacturing a semiconductor module 'igeto&id^ 
^ 16 j^Wctori^in^pri^s: forming conductive layers on side walls of a 

semiconductor chip; and a*te^ providing interlayer connections through the conductive 
layers formed on the side walls of the semiconductor chip. ' ' 

[0070] Accordingly, interlayer connection^Sng semiconductor chips can be 
provided without providing through electrodes in active regions of the semiconductor chips; 
the conductive layers in upper and lower layers can be readily aligned with one another; the 
influence of height vanjioi^among the conductive layers and warps in the ^ ico ^^^ 
chips can be/eirn^tedfand the reliability in interlayer connections can be impro^. ^ 

[0071] Also, a method fcf^anufacturing a semiconductor module ^eeited-ar^ ** 
cia ^ 17 isxto ^tilcdhj^uiiipiiJi tg: a**^ forming through holes on cutting lines of a 
semiconductor wafer; tnrtep** cutting the semiconductor wafer along the cutting lines into 
chips; qctoptrf stacking the semiconductor chips formed by the cutting ^p; and a stop of 
filling conductive layers in the through holes cut by the cutting s)0>. 

[0072] Accordingly, by cutting a semiconductor wafer having tiirinighJioles formed 
therein, grooves can be formed in side walls of the semiconductor wafe^andjfb^wing 
conductive material along the side walls of the semiconductor cWs^ked-trrTayers, 
interlayer connections among the semiconductor chips can be provided. 

[0073] For this reason, when the semiconductor chips are stacked in layers, there is 
no need to connect through electrodes in uppei^andJower layers such that the semiconductor 



chips can be readily aligned with one ano^>d|t^fluence of ^i^aria^onj among 
the conductive layers and warps in the seWindt^^^ such that the 

reliability in interlayer connections canbe improve/a? ^ ^sfi 9 ^ 

[0074] Also, a method ^manufacturing a semiconductor module nXitld in- 

v/ m lg iL a^tep^f forming through electrodes on cutting lines 

of a semiconductor wafer; **tep^f cutting the semiconductor wafer along the cutting lines 
into chips; and a^tep^providing interlayer connections among the semiconductor chips 
formed by the cutting step via the through electrodes that are cut by the cutting^p. 

[0075] Consequently, by cutting the semiconductor wafer having through electrodes 
formed therein, conductive layers can be collectively formed in side walls of the 

semiconductor wafer. 

[0076] For this reason, the conductive layers can be^curalely formed in sections of 
the semiconductor wafer while omitting the ( s* ? p-of filling^nducjive material after cutting 
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the semiconductor wafer, and interlayerconnections can be provide through effectively using 
marginal regions necessary fl^aS^^semiconductor wafer. -^gf 
[0077] Further, a methda^Tinanufacturing a semiconductor module lurilul ki 

cIaim 19 i L L]l iM^l i^^-r a-*^ forming trench sections on cutting lines of a 

semiconductor wafer having wiring layers formed thereon; «*^fonning dielectric films 
within the trench sections; a-step-of forming an under barrier metal layer that covers the 
dielectric films and is connected to the wiring layers; frsteprtrf thinning a back surface of the 
semiconductor wafer to thereby make the trench sections penetrate to form through holes 
along the cutting lines; €H*ep-of cutting the semiconductor wafer along the cutting lines into 
chips; a-otop of stacking the semiconductor chips formed by the cutting s)^; and«tcfmfe 
filling conductive layers in the through holes that are divided by the cutting 

[0078] Accordingly, by cutting a semiconductor wafer having throughholes formed 
therein, grooves can be formed in side walls of the semiconductor wafe^and/b^owing 
conductive material along the side walls of the semiconductor clu^staxdeetTmlayers, 
interlayer connections among the semiconductor chips can be provided. 

[0079] For this reason, the conductive layers can be provided in the side walls of the 
semiconductor chips without complicating the manufacturing process, and there is no need to 
form through electrodes through sacrificing the active regions. 

[0080] As a result, the^onductive layers in upper and lower layers can be readily 
aligned with one another wr^e^fpresling^nlar^ement of the chip size; the influence of 
height variations among the collduetive^ayere and warps in the semiconductor chips can be 
/eTinu4leTOi?iTthe conductive layers in upper and lower layers ^™^?°J^ e 
another; and the reliability in interlayer connections can be i«pK»^d *hile checking the 
throughput from lowering. ^ y •srs^^ 

[0081] Also, a method fif manufacturing a semiconductor module i<lilcd iu 
^^^20 1- Jim/tcm^n^mr"" 1 " g: a - ctep o f forming through holes on cutting lines of a 
semiconductor wafer; a^tep-^ cutting the semiconductor wafer along the cutting lines into 
chips; a-step-e* stacking the semiconductor chips on a interposer substrate having pin-like 
terminals standing thereon in a manner that the pin-like terminals are inserted in the through 
holes divided by the cutting s^p; and a ctep o f filling conductive layers in the through holes 
that are cut. 

[0082] Accordingly, by stacking the semiconductor chips on the interposer 
substrates along the pin-like terminals, the semiconductor chips can be aligned with one 
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another, and solder material or the like can be readily attached along the pin-like terminals, 
such that a three-dimensional mounting of the semiconductor chips can be readily realized.^ 
[0083] Further, a mghod fiafmanufacturing a semiconductor module vxXe^aT 
21 isu^ar^ ^^priDing : a^ejrof mounting semiconductor chips on 
inlerposer substrates having grooves formed in side walls thereof and recessed Actions: 
formed in back surfaces thereof; a^tep^f stacking the interposer substrates having the 
semiconductor chips mounted thereon in layers such that each of the semiconductor chips is 
stored in each of the recessed sections of an upper layer of the stacked interposer substrates; 
and , qt|j gfcfilling conductive layers in the grooves of the interposer substrates to provide 



interlayer connections. 

[0084] Accordingly, even when the types and/or chip sizes of the semiconductor 
chips are different from ™e another^three-dimensional mounting of the sermcon^or q f 
chips can be readily ^reah^edjand^ int^ayer connections can be realized whileTelirmnating tne 



influence of height variatio^rr^me through electrodes and warps in themterp^ 

substrates, and the reliability in the mterhwer connections can teimfxertA. .,, 

[0085] Also, a method^^ariufacturing a semiconductor module Mcited-iff 
clfcfr 22 i^ ^^tn cosine : «Hrtep^ mounting semiconductor chips on 
interposer substrates having grooves formed in side surfaces thereof; a^ep^f stacking the 
interposer substrates having the semiconductor chips mounted thereon through intermediate 
substrates having opening sections formed in main surfaces thereof and grooves formed in 
side walls thereof; and a^ep^filling conductive layers in the grooves of the interposer 
substrates and the intermediate substrates to provide interlayer connections. 

[0086] Accordingly, even when the types and/or chip sizes of the semiconductor 
chips are different from one another, a three-dimensional mounting of the semiconductor 
chips can be readily realized, and interlayer connections can be realized without complicating 
the structure of the interposer substrates, and the reliability in the interlayer connections can 

^ ^ improve 

0 TVFTATTJRD PES CR TPTTON OF PKFFFRRED EMBODIMENTS 

[00871 Here™**, ;f method ^manufacturing a semiconductor^^ ( and a 
method Manufacturing a semiconductormodule in accordance with<mbodiment/of the 
present invention witt^^^^g^ioce to the accon^an^ drawings. ^ 

[0088] FIGS . 1 arldg ^re cross-sectional views i rfmcating aftnethod ier^ 
manufacturing a semiconductor device in accordance with a first^mbodiment of the present 
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'tofiting-a method fefrn 



invention, and FIGS. 3 a^W-are perspective views in^^ ( amethod {Manufacturing a 
semiconductor device in accordance with the firsfembodiment of the present invention. 

[0089] Referring to FIG. 1 (a) and FIG. 3 (a), active regions 7 that are defined by 
scribe lines SL are formed on a semiconductor wafer W, pad electrodes 2 are formed on an 
active surface 1' of the semiconductor wafer W, and the pad electrodes « are, connected to 
wiring layers 3 that extend over the scribe lines SL. 

[0090] Then, for example, by using photolithography technique and dry etching 
technique, trench sections 4 are formed at the scribe lines SL ofj^semiconductor wafer W. 

^fdQ91 ) Next, as indicated in FIG. 1 (b), for example, ^Jalithography technique 
aiidfcvpnechiiique are used to form dielectric films 5 within the trench sections 
s nulul thatji^fs 




thejielectric films 5, for example, silicon oxide films or silicon nitride films 



[0092] Then, for example, by using photolithography technique and sputter 
technique, under barrier metal films 6 are formed within the trench sections 4 that are covered 
by the dielectric films 5, and the under barrier metalfilms 6 formed within the trench 
sections 4 are connected to the wiring layers^3V it io noted that jSr the under barrier metal 
films 6, for example, TiW, TiN, Cr or Ni can 1 

[0093] Next, as indicated in FIG. 1 (c), a back surface V of the semiconductor 
wafer W is ground by using back grinding, thereby thinning down the semiconductor wafer 

[0094l**e^^e>fick grinding of the back surface 1" of the semiconductor wafer W 
is completedSaefore-medielectric films 5 are exposed. 

[0095] Then, when the semiconductor wafer W is thinned down by the back 
grinding, the back surface 1 " of the semiconductor wafer W is dry etched, to further thin 
down the semiconductor wafer W, to thereby remove the dielectric films 5 and the under 
barrier metal films 6 so that the trench sections 4 penetrate to form through holes 4* in the 
semiconductor wafe^^Us^otedihaU^an etching gas used for the dry etching of the 
back surface 1" of m e semLc onduetorwafer W, for example, CL 2 , HBr or SF 6 can be us 
an^as^n etching gas used for the dry etching of the dielectric films 4,- for example, Cl 
(Qtiff^canbeused. 

[0096] Next, as indicated in FIG. 1 (d) and FIG. 3 (b), the semiconductor wafer W 
having the through holes 4' is cut along the scribe lines SL, to thereby divide the through 
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holes 4' in their longitudinal direction to form grooves 4" in side walls of semiconductor 

substrates 1. .. - ^ \ ^\^o^jtJ 

[009^1 Nsat^if&ieeteaMn FIG. 2 (a) and FIG. 4 (a), semiconductor substrates l a - 
lc having(he-gro6ves4a - 4c formed in their side walls are stacked in layers through resin 
layers 8a and 8b. When the semiconductor'substraies la - lc and fee resin layers 8a and 8b 
are stacked in layers, the grooves 4a - 4c formed in the side walls of the semiconductor 
substrates 1 a - 1 c are aligned with one another in the longitudinal direction. 

[0098> *JexL ft indjfcate<f1n FIG. 2 (b) and FIG 4 (b), conductive material 1 1 is 



charged witbjnjflie^FetSves 4a - 4c to cross over the resin layers 8a and 8b, thereby providing 
interlayer connections among the pad electrodes 2a - 2c formed in the semiconductor 
substrates la- lc, respectively. 

[0099] H is nutul Uia t^fljg^conductive material 1 1 that is filled in the grooves 4a - 
4c, for examplerAg^te^ slurry can be used. 

[0100]^FIGS^5&e^ide^iewsh^icating a method of filling conductive material in 
accordance wim^n ^bodj ment^th€^resent invention. 

[01 01 ] In FIG. 5 (a), for filling the grooves 4a - 4c with the conductive material 1 1 , 
the conductive material 1 1 is coated on wall surfaces of the semiconductor substrates la - lc 

that are stacked in layers. 

[0102] Then, a stage 12 is slid on the wall surfaces of the semiconductor 
substrates la - lc that are coated with the conductive material 1 1, to scrape off the conductive 
material 1 1 on the wall surfaces of the semiconductor substrates la - lc, thereby filling the 
conductive material 1 1 in the grooves 4a - 4c. 

[01 03] Accordingly, by filling the conductive material 11 on the side walls of the 
semiconductor substrates 1 a - 1 c, interlayer connections among the semiconductor 
substrates la - lc can be provided, and conductive layers for providing the interlayer 
connections can be formed after the semiconductor substrates 1 a - 1 c are stacked in layers, 
and there is no need to provide through electrodes in the active surfaces of the semiconductor 

substrates la- lc. CiJ^^h ^ ) 

[01 04] Accordingly* while<suppressing enlargement of the chip size, the width of 
the grooves 4a- 4c can be readily expandedTand the alignment to be conducted when the 
semiconductor substrates la - lc are stacked in layers can be facilitated; interlayer 
connections among the semiconductor substrates la - lc can be provided without being 
affected by height variations of through electrodes and/or warps in the semiconductor 



substrates 1 a - Ic; and the reliability in interlayer connections can be improved while 
reducing the size of the stacked layered structure. 

[0105] Also, by providing the interlayer connections through the side walls of the 
semiconductor substrates la - lc, the resin layers 8a and 8b can be coated all over the 
semiconductor substrates I la -lc, without interfering with the interlayer connections. 

[0106] Consequently, the semiconductor substrates la- lc can be insulated from 
one another without complicating the manufacturing process, andOesgiiig property of the 
semiconductor substrates la- lc can be readilyifflpfWTa^hus the reliability of the 
semiconductor module can be impxo>etir' ^ fv& JS & Q jp 

[0107] FIGS . 6 asd-? are perspective views indiea^^method Manufacturing a 
semiconductor module in accordance with a second/en^d^entdfthe present invention. 

[01 08] Referring to FIG. 6 (a), an active region 27 is formed on a semiconductor 
substrate 21 , grooves 24 are formed in side walls of the semiconductor substrate 22, and pad 
electrodes 22 and wiring layers 23 are formed on an active surface 21' of the semiconductor 
substrate 2 1 . Also, the pad electrodes 22 are connected to the wiring layers 23 that extend to 
the grooves 24, surfaces of the grooves 24 are covered with dielectric films 25, and under 
barrier metal films 26 that are connected to the wiring layers 23 are formed within the 
grooves 24 that are covered with the dielectric films 25. 

[01 09] On the other hand, as indicated in FIG. 6 (b), pin-like terminals 32 are 
erected on an interposer substrate 31 at positions corresponding to the grooves 24 of the 
semiconductor substrate 21, bump electrodes 33 are formed on aback surface of the 
interposer substrate 31, and the pin-like terminals 32 and the bump electrodes 33 are 
connected by internal wirings. 

[0110] Tt i- noted tfaat^gg piS-like terminals 32 can be composed of metal material 
having gooVsolder^weftabiHty'such as Cu, or metal material that is solder plated on its 
surface, and the diameter of each pin-like terminal 32 can be set such that the pin-like 
terminals 32 can be stored in the grooves 24. 

[011 1] Then, for realizing a stacked layered structure with the semiconductor 
substrate 21, the semiconductor substrate 21 is stacked on the interposer substrate 31 along 
the pin-like terminals 32 in a manner that the pin-like terminals 32 are inserted hi the 
grooves 24 of the semiconductor substrate 21. 

[0112] As a result, as indicated in FIG. 7 (a), a stacked layered structure of 
semiconductor substrates 21 a - 21c that are interlayer-insulated by resin layers 28a and 28b 
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can be formed^H«ce^Joples 24a - 24c are formed in the semiconductor substrates 21a 
21c, respectively, surfaces of the grooves 24a- 24c are covered with dielectric films 25a- 
25c, respectively, and under barrier metal films 26a - 26c are formed within the grooves 24a 
-r 24c that are covered with the dielectric films 25a - 25c, respectively. Then, for example, 
pad electrodes 22a that are formed on the semiconductor substrate 21a are connected to the 
under barrier metal films 26a via the wiring layers 23a. 

[0113] Next, as indicated in FIG. 7 (b), conductive material 34 is adhered along the 
pin-like terminals 32 by solder dipping, thereby filling the conductive material 34 in the 
grooves 24a - 24c in a manner to extend across the resin layers 28a and 28b. 

[0114] In this manner, by stacking the semiconductor substrates 2 1 a - 2 1 c along the 
pin-like terminals 32, the semiconductor substrates 21a - 21c can be stacked in layers while 
the grooves 24a - 24c are aligned with one another. Accordingly, the time and labor for the 
positioning can be alleviated, and the stacked layered structure of the semiconductor 
substrates 21a - 21c can be readily realized. 

[01 1 5] Also, by composing the pin-like terminals 32 with metal material having 
good solder-wettability, the conductive material 34 can be collectively filled in the 
grooves 24a - 24c by solder dipping or the like. 

[0116] Also, by composing the pin-like terminals 32 with solder-plated metal 
material, the grooves 24a - 24c can be collectively connected by heat treatment with solder 
through the resin layers 28a and 28b. jjV^^ ^ 

[01 17] FIGS. 8 aad^are perspective views mdi^ajt^ a meth^d_^f^jaHufacturing a 
semiconductor module in accordance with a third/4mbodiment of the present invention. 

[01 18] In FIG. 8, an active region 42 is formed on a semiconductor substrate 41, 
and pad electrodes 43 are formed on an active surface of the semiconductor substrate 41. 

[0119] On the other hand, terminal electrodes 52 and wiring layers 53 are formed on 
an interposer substrate 51, grooves 54 are formed in side walls of the interposer substrate 51, 
and the terminal electrodes 52 are connected to the wiring layers 53 that extend to the 
grooves 54. 

[0120] Also, under barrier metal films 55 that are connected to the wiring layers 53 
are formed within the grooves 54 that are formed in the side walls of the interposer 
substrate 51, and a concave section 57 that is capable of storing the semiconductor 
substrates 41 is formed in a back surface of the interposer substrate 51. 
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[012L]' X -ll io nntrrl that ift tttr interposer substrate 51 . for ex ample, a resin substrate, 
a ceramics siab^strate-oT-a^Tassepoxy substrate can be used^ and^forjbfe under barrier metal 
films 55, for example, TiW, TiN, Cr or Ni can be used. 

[0122] Then, the semiconductor substrate 41 is mounted on the interposer 
substrate 51, the pad electrodes 43 on the semiconductor substrate 41 are connected vu.ihe 
terminal electrodes 52 on the interposer substrate 51 by wires 56. 

[0123] "Then, fs i»4ieeteain FIG. 9 (a), interposer substrates 51a - 51c having 
semiconductor substrates respectively mounted thereon are stacked in layers, to thereby 
realize a three-dimensiomtotructure of the semiconductor substrates. 

[0124]/ fiere^Woviding concave sections 57a -57c in back surfaces of the 
respective interposeTsubstrates 5 1 a - 5 1 c, semiconductor substrates that are respectively 
mounted on the interposer substrates 5 1 a - 5 1 c can be stored in the concave sections 57a - 
57c in overlying layers of the interposer substrates 51a - 51c, respectively, such that the 
interposer substrates 5 1 a - 5 1 c having the semiconductor substrates respectively mounted 
thereon can be stacked in layers with good precision. 

[0125] H 'a nulul tha t pooves 54a - 54c are formed in the side walls of the 
respective interposer substrates 51a - 51c, the concave sections 57a - 57c are formed in the 
back surfaces of the respective interposer substrates 51a - 51c, and under barrier metal 
films 55a - 55c are formed in the respective grooves 54a - 54c. 

[0126] Then, for example, terminal electrodes 52a and wiring layers 53a are formed 
on the interposer substrate 51a, the terminal electrodes 52a are connected to the under barrier 
metal films 55a via the wiring layers 53a, the semiconductor substrate 41a is mounted on the 
interposer substrate 51a, and pad electrodes 43a on the semiconductor substrate 41a are 
connected to the terrninai\lectrodes 52a on the interposer substrate 51a by wires 56a. 

[0127] /Next* £s i/idieat^ in FIG. 9 (b), by filling conductive material 58 in the 
grooves 54a - sWhat-are formed in the side walls of the respective interposer substrates 51a 
-51c, interlayer connections among the semiconductor substrates are realized through the 
interposer substrates 5 1 a - 5 1 c. 

[0128] Accordingly, even when the types and/Or chip sizes of the semiconductor 
substrates 5 1 are different from one another, a three-dhnenskmal mounting^fthe 
semiconductor substrates 51 can be readily realized wl^upprelsiSg enlargement of the 
chip size and iwpt&vyf^erStJ^y in the interlayer connfectiensr 
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[0129] Consequently, the electronic device can b ^2^^ naUer in size 311(1 li g hter > 
the reliability in the electronic device can be *nf»w<*£ and a variety of functions can be 
readily added to the electronic device. ^ ^ S W^'^- 

[0130] FIGS. 1 0 arf^44 are perspective views iridieatk^a inethod 
manufacturing a semiconductor module in accordance with a £fJv4ntSSeiit of the present 
invention. 

[0131] In FIG. 1 0 (a), wiring layers 73 are formed on an interposer substrate 71, 
grooves 74 are formed in side walls of the interposer substrate 71, and under barrier metal 
films 75 that are connected to the wiring layers 73 are formed in the grooves 74 that are 
formed in the side walls of the interposer substrate 71. 

[0132] Further, a semiconductor substrates 61 is mounted on the interposer 
substrate 7 1 by a face down method, and pad electrodes of the semiconductor substrates 6 1 
are connected to the under barrier metal films 75 by wiring layers 73/ 

[0133] On the other hand, in FIG. 1 0 (b), an intermediate substrate 8 1 is provided 
with an opening section 86 that is capable of storing the semiconductor substrates 61, 
grooves 84 are formed in side walls of the intermediate substrate 81, and under barrier metal 
films 85 are formed in the grooves 84 formed in the side walls of the intermediate 
substrate 81. 

[0i 34] 4t is noted that > jts the interposer substrate 7 1 and the intermediate 
substrate 8KJhrexample, resin substrates, ceramics substrates or glass epoxy substrates can 
be used and/for \e under barrier metal films 75 and 85, for example, TiW, TiN, Cr or Ni can 




be used. 

1oi35] Then, as indicated in FIG. 11 (a), by stacking interposer substrates 71a- 71c 
having semiconductor substrates respectively mounted thereon in layers with the intermediate 
substrates 81a and 81b being sandwiched between them, a three-dimensional mounting 
structure of the semiconductor substrates can be realized. 

[01361/^xfeiC^ys^dwiching the intermediate substrates 81a and 81b among the 
interposer subWaterTfa- 71c, the semiconductor substrates that are mounted on the 
respective interposer substrates 71a - 71c can be stored in theopenihg sections of the 
intermediate substrates 81a and 81b, respectively, such that the interposer substrates 71a - 
7 1 c having the semiconductor substrates respectively mounted thereon can be stacked in 
layers with good precision. 
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[0137] Further, by also providing grooves 84a and 84b in side walls of the 
intermediate substrates 8 1 a and 8 1 b, interlayer connections can be readily provided via the 
side walls of the interposer substrates 71a - 71c even when the intermediate substrates 81a 
and 81b are sandwiched between the interposer substrates 71a ^ 71c. 

[0138] / ITic notod that Jrooybs 74a - 74c are formed in side walls of the respective 
interposer substr3Ter7Ta^^ under barrier metal films 75a - 75c are formed in the 

respective grooves 74a - 74c. 

[0139] Also, the grooves 84a and 84c are formed on the side walls of the respective 
intermediate substrates 81a and 81b, and under barrier metal films 85a and 85b are formed in 
the grooves 84a and 84b, respectively. 

[0140] Then, for example, on the interposer substrate 71a, wiring layers 73a that are 
connected to the under barrier metal films 75a are formed, and the semiconductor 
substrate 61a that is connected to the wiring layers 73a is mounted by a face down method. 

[0141 ] i*»0,£s i ndicate d in FIG. 1 1 (b), by filling conductive material 86 in the 
grooves 74a - 74c and 84a - 84c formed in the side walls of the interposer substrates 71a - 
71c and the intermediate substrates 81a and 81b, respectively, interlayer connections among 
the semiconductor substrates are realized via the interposer substrates 71a - 71c and the 
intermediate substrates 81a and 81b. 

[0142] Consequently, even when the types and/or chip sizes of the semiconductor 

substrates 71 are different from one another, a three-dimensional mounting of the 

/^r<fJbJC^ or 

semiconductor substrates 71 can be readily realized whilersuppressing^nlargem^t of the^^ ^ r 
chip size, and the reliability in the interlayer connections can be i m^rovo d while-prgventmg C/ 
complication of the interposer substrates 71 a - 7 1 c. 

[0143] Accordingly, the electronic device can ^ ) ^^^^ na ^ er m si ze lighter, 
the reliability in the electronic device can be imfxv&d, and a variety of functions can be 
readily added to the electronic device while<suppressing cost increases. ^ 

[0144] FIGS. 12 a*$Ji-4-3 are cross-sectional views indiea^in^ajn^^^fi^ 
manufacturing a semiconductor module in accordance with a fiftiyembodiment of the present 
invention. 

[0145] Referring to FIG. 12 (a), active regions that are defined by scribe lines SL 
are formed on a semiconductor wafer W, pad electrodes 92 are formed on an active 
surface 91* of the semiconductor wafer W, and the pad electrodes 92 are connected to wiring 
layers 93 that extend over the scribe lines SL. 
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[0146)^i^Xope^ample, by using photolithography technique and dry etching 
technique, tren^ecfons94 are formed at the scribe lines SL of the semiconductor wafer W. 

[0147] ^Here y^ejh)ckness Tl of the semiconductor wafer W can be 625 um when a 
6-inch wafer is used, and 725 urn when an 8-inch wafer is used. The depth Dl of the trench 

section 94 can be, for example, 70 urn. 

[0148] Next, as indicated in FIG. 12(b), for example, photolithography technique 

and CVD technique are used to form dielectric films 95 on bottom surfaces and side surfaces 
inside the trench sections 94. ft it nntrri that./as the dielectric films 95, for example, silicon 
oxide films or silicon nitride films can be Used. 

[0149] Next, as indicated in FIG. 12 (c), for example, by sputtering or vapor 
deposition, seed electrodes 96 are formed on the semiconductor substrates 91 including the 
inside of the trench sections 94. Ili s - notcd tha ^or the seed electrodes 96, conductive 
material, such as, for example, nickel (Ni), copper (Cu), gold (Au), titanium (Ti) or tungsten 
(W) can be used. 

[0150] Then, a plating resist layer 97 having opening sections 97' provided at 
positions corresponding to the trench sections 94 are formed on the semiconductor 
substrate 91 having the seed electrodes 96 formed thereon^Here>jfcejize of the opening 
sections 97' is set such that the opening sections 97' extend over the wiring layers 93. 

[0151] Then, by conducing electrolytic plating using the seed electrodes 96 as 
plating terminals, embedded electrodes 98 are formed through the opening sections 97' 
provided in the plating resist layer 97 in the trench sections 94 and the opening sections 97'. 

[01 52] ^ftfl-noteH that, /s the embedded electrodes 98, for example, a one-layer 
structure composed of nickel (Ni), copper (Cu) or gold (Au), or a two-layer structure having 
me#m?h as nickel (Ni), copper (Cu) or gold (Au) and solder materialmen as Sn, Sn-Pb, 
Sn^AgTsn-Cu, Sn-Zu or the like stacked thereon may be used. 

[01 53] Also, the embedded electrodes 98 may be formed by using an electroless 
plating method, besides the electrolytic plating method; and also, conductive slurry or 
conductive paste can be injected in the trench sections 94 by an ink jet method. 

[01 54] Next, as indicated in FIG. 1 2 (d), the plating resist layer 97 is removed, and 
the seed electrodes 96 are etched by using the embedded electrodes 98, thereby exposing the 
active surface 91' of the semiconductor wafer W. 
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[0155] Next, as indicated in FIG. 13 (a), a back surface 91" of the semiconductor 
wafer W is ground by using back grinding, thereby thinning down the semiconductor wafer 

W. ^ 

[0156] ( #ereymeba)k grinding of the back surface 91" of the semiconductor wafer 
W is completedbefore thedielectric films 95 are exposed, such that the thickness T2 of the 
semiconductor wafer W after the grinding can be, for example, 100 urn. 

[0157] Then, as indicated in FIG, 13 (b), the back surface 91" of the semiconductor 
wafer W is dry etched, to further thin down the semiconductor wafer W, such that the trench 
sections 93 penetrate to form through holes 94' in the semiconductor wafer W, and tips of the 
embedded electrodes-98 covered with the dielectric films 95 are exposed to form through 
electrodes 98'/l * ij nulid that^ thickness T3 of the semiconductor wafer W after the dry 
etching can be^orexampTeT50 um. Also, as an etching gas used for the dry etching of the 
back surface 91" of the semiconductor wafer W, for example, CL 2 , HBr or SF 6 can be used. 

[01 58] Next, as indicated in FIG. 1 3 (c), the dielectric films 95 at the tips of the 
through electrodes 98' are dry etched, to thereby remove the dielectric films 95 at the tips of 
the through electrodes 98'. K ij noted that >^s an etching gas used for the dry etching of the 
dielectric films 95 at the tips of the through electrodes 98', for example, CL 2 , HBr or SF 6 can 

be used, v j"W /|J 

[01 59] Ne*t, ^indieat^in FIG. 1 3 (d), the semiconductor wafer W having the 
through electrodes 98' formed therein is cut along the scribe lines SL to divide the through 
electrodes 98' in their longitudinal direction, thereby forming grooves 94" in side walls of 
semiconductor substrates 91, and embedded electrodes 98" embedded in the grooves 94". 

[0160] **extfc£s indieetetf mFIG. 13 (e), the semiconductor substrates 91a - 91c are 
stacked in layers in a manner that the embedded electrodes 98a - 98c filled in the grooves 94a 
- 94c of the respective semiconductor substrates 91a - 91c are in contact with one another; 
and resin 99a and 99b is injected in gaps between the semiconductor substrates 91a - 91c to 
thereby form a stacked layered structure of the semiconductor substrates 9 1 a - 9 1 c. 

[0161] Accordingly, by cutting the semiconductor wafer W along the scribe lines 
SL, the embedded electrodes 98" can be.collectively formed on the side walls of the 
semiconductor substrates 91. 

[0162] For this reason, there is no need to fill conductive material in the 
grooves 94" that would otherwise be formed after cutting the semiconductor wafer W, which 
can simplify the manufacturing process. Further, the embedded electrodes 98" can be formed 
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on the side walls of the semiconductor substrate 91 with good precision, such that interlayer 
connections using the side walls of the semiconductor substrate 91 can be stably provided, 

[0163] ii. uulul lhat jn the*emffod1ments described above, interlayer connections 
are provided through side walls of semiconductor chips: However, the present invention is • 
not limited to semiconductor chips, but may also be applicable to., for example, ^method Sfc* 
providing interlayer connections through side walls of glass substrates or sapphire substrates 
having thin film transistors or the like formed thereon. 

[0164] Also, the bump electrode structure described above is applicable to 
electronic devices, such as, for example, liquid crystal display devices, portable telephones, 
portable information terminals, video cameras, digital cameras and MD (Mini Disc) players, 
and can make electronic devices smaller and lighter without deteriorating the reliability of the 
electronic devices. 

[0165] As described above, according to the present invention, interlayer 
connections are provided through side walls of semiconductor chips. Accordingly, interlayer. 
connections of the semiconductor chips can be provided without providing through electrodes 
in active regions, conductive layers in upper and lower layers can be readily aligned, and the 
influence of height variations of the conductive layers and/or warps in the semiconductor ^ WcS1 ^ 
chips isQlrn&e^uch r that the reliability in the interlayer connections can be impjmsda^ 
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